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ABACUB, and Inttnonenta for (Mxtlaiing. 
ABACUS. Fb., TaNmH ttnunU a ealaiUr—Abaqtu ; Obs., aedMbrttt, SStUmpbittt ; Ital., 
Abaco; Srw, Aham. 

A vtuiet; of more oi leas simple meehitnieAl oontriTanoM lutTe been invented, tlniort from time 
immemorial, to simplify and faoilitate the ordinej^ oelonlationi of dall; life ; moat of these oon- 
trivance^ beddee LaviiiK little real ntillty, are ao well knomi. Mid have been so freqnently 
deacribed, that a detailed deeoription of tbem is hare imneoeswty : it i« niffloieDt to esy that 'ho 
Ohuieae and other inhabitantB of CeDtr&l Asia still use these sUnple meohanieal aids in perform- 
ing caloalatioDS. 

Napier derised a sort of abaooii, or uutrnment for calcnlatinK, baaed npon the prinoiple of 
rendermg movable the oolumns of the ordinary mnttiplication taUe. The nida or bonet of which 
this abacDS is oompoeed are termed Napier's rods or bones. 

It is neooowirr to observe that each rod is divided into nine aqoares, and eaoh aqnue info two 
thanglee, by a diag<»«l line dranQ from the left lower angle. Fig. 1 represents one of these 
rods with ue flKore 3 in the right-hsnd triangle of the int square, zero and single figures, 
1, 2, 4, Ac, to 9, being always placed in a similar position on the other rods. 

In Fig. 1 the seixmd aqnaie tram the topoontaina 6, or twice 3; the third 9, or three times 3; 
the fonrtS 12, or four times 3; and so on, to nine times 3. or 27; whence the figure at the top, 
and mnltiples ezpreMed by aingle digits, are placed in the right-hand trianglee, and the tens in 
the left-huid triuigles. 

It is clear that the bees which bear zeta on the top mnat necessarily bear lero on all the 
triangles. For example, \iJu three of the bones bearing on the lop of their faoea the figures 1, 9, 
and 2 renteotively, sjid place them together, as shown in Fig. 2 ; the first line will reed 192, the 
second Ssi = 192 x 2. with this proviso, that tKe figures placed beiwtm the aamedit^omil linei,K»l,% 
Aave to be added ; three times 192 reads S76 when the 3 and 2 between the diwmal lines are added, 
and BO on to 9 times 192, which reads 1T28 when the figures 9, 8, and 1, 1, between the diagonal 
lines are added. The apparent difQcolty of this arrangement is by no means ettoh ea to deter any 
axie &om naing Napier's rods, as a short practice sofBoea to render the nse of those rods easy. 




t, haa a finger-board, A. fDraiahed with ten 
ve order, is marked witk one of the fignres 
1, 2, 3, 1. Ac., to 10. ' When the key which beora the number that an opentM deairee to add to 
another nnmber, is pressed by the finger nntil it comes in contact with the stationary table D, 
the range of the luigular motion given to the wheel C, which indicates the number to be added, ia 
determined by the length of the key operated upon. The efiect of pressing a finger opon the 
key, and lever C with which it is connected, is Iheiefore to impart an angular motion to both 
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tlie wheel and the lever proportional to the digit which the key bears, that ib, thia motion will be 
BmaUer for the lower and greater for the higher digits. The moying of the key starts a click or 
catch, connected with a small weight, in consequence of which the wheel begins to turn ; the 
motion is stopped as soon as the key pressed upon by the finger resumes its primitive position of 
rest. 

Calculating Instruments of Dubois and of Dunlop. — The calculating instruments of Dubois assist 
in performing the elementaiy operations of arithmetic. In adding and subtracting, Dubois applies 
a series of small movable rules, upon the surface of which is painted or engraved the nine digits. 
In performing multiplication and division, Dubois makes use of an arrangement previously applied 
by retit, in 1671. This arrangement consisted of engraving the figures upon rectilinear rods, 
similar to Napier's rods. There may be a real merit in applying old well-known methods in a 
useful manner, but this remark does not apply to Dubois' adaptation of Petit's arrangement : for 
Dubois' instrument, on account of its size, is far less commodious in use than many of the antique 
instruments which have been employed to effect a similar purpose. 

Dunlop has introduced two calculators; his calculator ao. 1, to perform multiplication and 
division, consists of a series of numbers, arranged in a tabular form made up of movable parts, so 
adjusted as to make it quite easy to find the simple multiples of any given set of figures ; in r^ity 
this contrivance is an extension of Napier's method. 

Form I., page 3, represents, on the left side, the inner rear side of the first page of Dunlop's 
tabulated form ; the right-hand side represents the movable slips, which are partly folded up and 
covered by each other, while on the right ends they are open and a digit is to bns seen thereon. 
The use of the said slips is sufficiently indicated by the printed inscriptions which they bear. It 
must be noted that the figures printed between brackets are in Dunlop's table distinguished by a 
red colour. 

£'ar.— Suppose one desires to know the price of 32} yards of silk at IBs. 2d. a-yard ; to per- 
form this calculation one operates in the following manner : uncover the slip of the tens, No. 3, 
the slip 2 of the units, and slip } of parts of units, the end of which is visible in A, Form I. ; place 
the sheets which cover those you are in want of for your purpose upon the left-hand sheet, and 
Dunlop's calculator will then exhibit itself to you as seen in Form II. At B G you read the 
multiplicand 32}, and in order to find the product by 13^. 2d.^ look first upon the column 
marked 139. on the lowest line ; add together the two figures 0/. 65. 6d,, li, 6s. Od., 19/. lOs. OJ., 
total 21/. 28. 6d. ; this is the price of 32} yards at 13s. Look next to the column marked 2d., 
which gives a result of 5s. 5d. ; add this to the former result, and the sum total will be found to be 
21/. 7s. lid. 

The Dunlop calculator. No. 2, based upon the same principle, is designed for the calculation 
of weights. 

The calculator. No. 3, is an instrument designed to facilitate the addition of partial products in 
cases when the multiplier is composed of several numbers ; it consists of a box containing small 
slate rules movable in horizontal grooves; the partial products are written down upon these 
small slates, and since these are made to elide, it is easy to place the paoducts in the order they 
respectively must occupy. 

Counters for Public Carriages.^^Thete exist two kinds of these instruments : namely, graphical 
counters and purely mechanical ones^ all of which require the use of clockwork. The so-called graphi- 
cal counters are so arranged as to note down the information, which it is of interest to the parties 
concerned to know, upon a piece of paper moved by clockwork ; they are in fact self-registering 
instruments ; but it is quite evident that such an instrument, since it requires the daily changing 
of the sheet of paper, would be a very inconvenient instrument to be applied by the proprietor of a 
large number of public carriages, as it is clear that it would require a considerable number of 
clerks to take down every night the papers put up in each resjpective carriage in the morning, 
and to note down the particulars registered automatically. The mechanical counters, on the 
contrary, are so constructed that it is possible to read off at a glance, by means of a mechanical 
contrivance of more or less complicate structure, the work performed during the day and the 
'money received and to be accounted for. There exist con&vances of this kind wherein the 
graphical and mechanical arrangements are combined. 

Various instruments both graphical and mechanical have been 
invented and used as automatic counters in carriages. We describe 
that of Bertrand and Addenet. The counter conMved by them is 
represented in Figs. 4, 5 ; the instrument is fixed on the carrii^e, 
behind the coachman's box, while towards the passengers, inside 
the carriage, are exhibited — 1, a dial-plate of a clock or timepiece, 
indicating the time; 2, a dial-plate, provided with hands, indi 
eating the number of kilometres, or distance run over, the hands 
being mechanically connected with the carriage wheels ; 3, on the 
top of the said dial-plates a rectangular opening, showing the amount 
of the fare to be paid to the coachman ; and I, at the bottom of the 
instrument another opening is exhibited, bearing the words : — 

or 



4. 



|iwoiMcia^ 



Night, 



Day, 




since this refers to a different tariff of fares. 

The figures which indicate the amount of the fare, are engraved on two discs, one of which, in 
the Paris carriages, marks the centimes, the other the francs. Motion is imparted to these discs 
by means of clockwork, from the timepiece already alluded to. At the time of starting, the 
counter indicating the amount of fare, reads, francs 50 centimes, and the amount of fare due, runs 
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up 10 centimes at a time, it is possible by this arrangement to use tne instrument even for short 
distances. When a carriage is disengaged, there is exhibited outside, on the top, a small flag, M, m, 
bearing the word disengaged. The putting up of this IHb^ by the 
coachman, has the effect, by means of proper mechanical con- ^ 

trivances, to disconnect the toothed wheel work of the discs, and 
to bring the figures connected therewith, back to the first reading. 
If, with a view to fraud, the coachman ^ould neglect this opera- 
tion, the instrument is so arranged that it g*^ards against his 
fraudulent intention, and compels him to account for all money 
received, on his return home. 

Fig. 5 represents an instrument employed in Paris omnibuses, 
and is a modification of that shown in Fig. 4. 

T is a dial that shows the sum total; the outside figures 
on this dial represent francs, and the inner figures show the cen- 
times. 

L, a dial indicating how often the carriage has passed the 
barriers, and consequently shows the number of return tolls paid 
back to the driver, on his returning into the city. 

y, a dial indicating the number of passengers ; on the outside 
of this dial, figures show the total amount in francs, to which the 
constant 0.50 is added. 

H, a dial indicating the time during which the carriage has been at rest. 

K, a dial indicating the number of kilometres, or distance run over, while the carriage was 
unoccupied. 

It is stated that the movements of the hands, of these different dials, are extremely simple, and 
may always be relied upon. 

The mode of transmitting the motion from the caniage wheels to the instrument is new, and 
may be described thus : — 

Suppose a wire placed, so as to be quite free to move, but in the most limited space possible, 
inside a flexible sheath ; the wire is, in this particular case, spiral, of very tightly woven steel ; the 
inside wire may then be taken to be a single central wire, which preserves its primitive length 
irrespective of the curve^which the sheath makes, and also, irrespective of the variations of the ends 
of the sheath. The sheath, fixed to the counting instrument on the one hand, and to the axle of 
the wheels of the carriage on the other, has more or less play, according to the plav of the springs 
which support the carriage ; but the central wire always preserves the same length, and it is this 
wire which transmits to the kilometrical, or distance counter, the motion of the carriage-wheels. 
One of the front wheels of the carriage bears upon its stock an eccentric, which, at every revolution 
of the wheel, transmits an alternate motion to a bolt or beam placed on the axle-tree ; upon this 
beam is fixed a piece which catches the wire contained in the sheath, and by this means a rack- 
wheel belonging to the distance counter is moved. Upon the evidence of several, who have been 
for many years connected with the Public Carriage Department in Paris, this arrangement, and 
every contrivance connected therewith, is pronoiyiced to answer the purpose for which it was 
designed, in every respect. See Counter, ateam-engine, PLAvmBTEB. Slide Bulb. 

ABATTIS. VE,jAbatti8; Geb., Verhau, Verhack; Ital., Abbattuta, Tagliata; &v ax., Abatis, 

An abattis is generally constructed with large branches of trees, sharpened and laid with the 
points outward, in front of a fortification or anv other position, to obstruct the approach of 
assailants. Abattis should be so placed as not to be exposed to the fire of artillery. In redoubts 
or entrenchments they are usually fixed in an upright position against the counterscarp^ or at the 
foot of the glacis, the plane of which last is broken so as to permit of their being laid out of 
the enemy's sight, and so as not to interfere with the musketry fire from the parapet in their rear. 
See Fig. 6. Abattis is an excellent mode of blocking up a road ; and when the branches are well 




and properly placed, and Interwoven one with the other, the disengagement of them is extremely 
difficult, and to form an opening sufficient for the passage of artillery, or even of cavalry, requires 
a long time. Au abattis can easily be made by a few men, with half-a-dozen felling-axes and a 
croesH!ut saw, and in a short space of time, if trees of sufficient size are near, or on the spot. It is 
more easily formed and gives more effective defence than palisades. 

An abattis should not be planted out of musketry-range ; for this and all other obstacles are to 
break up the order of the enemy's advance, to impede and keep him under musketry fire. The 
application of the abattis should be considered as purely local and not one of the conmion resources 
for securing entrenchments, such as palisades, chevaux-de-frise, and fougasses, the materials for the 
construction of these last being capable of conveyance from a distance. Hence localities may 
enable the engineer to obstruct a road, by dragging trees from the hedgeHdde and ooimectfiig the 
defences of a poeition, by levelling groups of trees with their branches towards the enemy. 
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Bhrabbj traea Me not adapted to fonn KKOodabattiB; thej are eaiil j fnoed and dnwn out by the 
hand. Umt7 troM wilh the trunk oat half-throoKh form inaunnoimtable obetaclw ; this lart ia 
nlled an Enkmgteinmt. See Fig. 7. 




ABATTOIR. Fb., Abattoir; OiH., ScMaeMhaiu i Itai^ Jb««B»; Bpam., Matadera. 

A pnblic Blaughtor-house in ft city is termed an abattoir. 

ABBTBACTINQ DIMENSIONS. Fs., Epitome pour tenrir de yuWs a bien prendre M dimm- 
■loni,' Omb^ EiYieri QegmilamI aufmctten, Maaat ZiuommnuMfni ; Ital., Elenoo deUe mirare; SPAH., 
Resiimm tfe dimmtiones. See Laboub, traiatd. 

ABUTMENT. Fb^ CtUt, BuUt; Gaa., Widcrlager; Ital., Cobbo; Bpam, firfnlo, Sota™/. 
See Anon. 

ABUTTINO JOINT. Fr., Joint plat; Qra., Sttmpft Fvgt; Ital., CommitJddira pjoiu.' 
Stah., Jvntvra plana. 

In mrpentrr, KX abntting or a fruff joint u a joint in which the pUne of the joint ia at right 
angles tothe fibres, and the flbiet of both pieoea in the aame atraight line. 

ACCELEBATION. Fb., Acc^Uralum; Qta^ Bttchieunigu<ng ; Ital., Acoeleratione i Spak., 
Aeeltmdtm, 

AocelentioQ ia the increeae of Telocity in a moring body, canaod by the continued addition of 
motiTe force. When bodies in aotien ^bm throngh equal spacea in equal timea, that ia, when the 
velocity of the bod; ia the auae during the perioa that the body ia in motion, it ia termed 
imirona motion, of which we have a&miliar in«tanoe in the motion of tlie haodaof aclock oTcr its 
&oe; but a more oorrect illustration ia the revolntion of the earth on ita axia. In the eaae of 
a body moving tbrongli mieqoal apaoes in ei^ual timea, or with a varying velocity, if the velocity 
incrcaae with the diuation of the motion, it is termed aooclerated motion ; but if it decreaaa 
with the duration of the motion. It is termed retarded motion. A etooe thrown ap in the air 
aflbrda an illoatration of each of these cases, the motion daring the ascent being retarded by 
the foroe of gravity, and accelerated by the game during the descent of the stone. AU bodies 
have a tendency to preserve their state, either of rest or of motion ; so that if a bod; were ael 
in motiwi, and this moving force were withdrawn, the body, it nnopposed by any force, would 
oontinae to move with the same velocity it had aoqnired at the instant the moving foree waa 
withdrawn. And if a body in motion be acted upon by a constant force, as the force of gravity, 
the motion beocanes aooelerated, the velocity increasing ss the times, and the whole apaeea 
pBaaed Uuongh increMing aa the aqnares of the times : whilst the proportiniBl apaeea passed 
ihrongh donog equal portions of time will be as iI:o odd nombera I, 3, 5, 7, &o. : and the apaeea 
paMed over in any potion of time, taken as a unit, will be eqoal to half tlie velocity acquired at 
the end (rf snch time. Thni, at the end of one second, tbe velocity of a body falling freely near 
the •nrfhoe of tbe earth ia aaid to be 82^ ft. : at the end of 2 seconds, 2 timea 321 ft. ; at the 
end irf 3 seooi^ 3 timea 32^ ft. ; at the end of 4 seconda, i timea 32^ ft., and ao on ; or 
generally, tbe velocity acquired by a falling body Is equal to the product of the time of the 
body's fall ia seoimds by 324 feet, which may be expremed by the simple equation — 

(Velocity in feet) = (Time in seconds) x 32^ or o ^ i x 32*. 
The ipaoe described by a body in one aeoond will be half of 82| feet = 16A feet ; beeanse tbe 
velocity of the body in the middle of the time will be the mean velocity with which it mnvea 
daring that time. In like manner, tbe apnoe described by the body in 4 aeoonda, will be 4 timea 
3x32^ ft.; becansa lxS2}ft. ia the velocity at the end of 4 seconds, and therefore 2x821 will 
be the mean velocity, or the velocity in the middle of tbe time. Bat 4 timea2xS2j( = 16xl6A — 
4*xl6^ that is, tbe space described bv a falling body in 4 aeoonda ia equal to the square of the 
*{>.,* »..i4:..iib.i i.« »kd dm^Aa ^A*fl*{tuul in 1 iuww^TYi^ Ity #Kft Hamo maunsr, the relation of the 

y thu8,« = Pxl6A. 
, , , , . ^ Bodin, by meant of Unintempted 

— The apparatna constructed by Morin, aoootdinf!; to the instructiona given him by 
PoDOelet, to effect Uus object, conaista of a cylinder A A, Figs. 8, 9, moved by meana of a veKioU 



t*x lt>^ inal w, IDS space aescnoea ov a lauing ooay in « aeconc 

time multiplied by the space describea in 1 second. In the Ban 

tpaoe, I, In feet, and the tune I in seconds, is expressed generally tl 

Monn'l A/^mmliu for Demtnutratini] l/lt Xaict of falling Bo 
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dipped Into Mlonring-m&ttet, the point of it touches and marks the paper. This e;lIiidT»«aiilMl 
weight, and the hair peDcil, tire lepiesented dq ti large scale Id Fig, 10. When an experiment la 
desired to be made with this apparatus, the weight d is kept at the upper part of the ftpunhu 
bjr K set of tweezers E; after the cylinder has been set in motion, and this motion has beeome 
tmifonn, the etring F ia pnlled, by which the tweezer is unfaatened, and oonsequently the weight 
d falls gliding down along its guido-rods, while the hair pencil marks Btmultaneously, on the surfoce 
of the paper placed npon the cylinder, a ourred line, Aom which may be adduced the laws of tbe 
moving body. 

When at the end of this experiment the paper is withdrawn from the cylinder, it will be observed 
that it oontains two lines, one G Q, Fig. 11, a straight line, perpendicular to the axis of the cylinder 
(this line was marked out before the weight was ailawed to fall) ; the other, a curve line G H H, to 
which Q Q ia a tangent. When to different points of this curved line, as for instance, M nt, 
tangents are drawn, uid when through the points T and t, where these tangents meet the straight 
line Q Q, perpendicular lines are traced, it will be observed, that all these perpendiculais pass 
throuKb one uid the same point F. This isaproperty of the carve, known as the pnniMa, and th« 
point F, wberein T F and t F meet, is the focus of the curved line. When from F, a Eti«ight line 
is drawn pen)endicnlar to OQ, a perpendicular, O O', is found, oonstitntinK the axis of the puabola. 




of which O is the top, or ■nmmit That point is the gtarting-point of the moving weight, which 
pomt oould not be vary readily peroeived without this construction, ainoe the vertex or smnmil of 
the curve is only exhibited by the oontaot of the curved line m M and the straight line G Q. Ltt 
us now examine an; point H of the curve, and draw the rectangular co-ordinates M Q and H P 
with respect to the axes G G' and G Q. The vertical line M Q represents the space, e, tiavelled 



... , . ;e deaoribed isapaiaboU, there ezistc 

between the <x>-ordiuatea of the point M, the relation 

(MP)» = 2p(MQ>; m 

caOingp theeemipaiametei. By rabetitnting for M PandM Q their reapeotive valnM. wehava 
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Equation [2] BhowB <Aa< the tpace de9qra>ed by d is prtiporUtmal to the square of the U Theanmtitr 
p, is the double of the distance G F from the snmmit, or vertex, to the focus ; by ^^m ^^ this 
distance by *, we have 1 »« r" "^ ' ^ 

' = "2 TA **. 
while the acceleration due to the gravity is 

One might calculate ^ = 82*2, from [3], but h cannot be measured to a «aificlent degree of aoca- 
racy. But we deduce [4] from [8] by putting u for w r, 

that is to say, the distance G F from the top of the parabola to the focus, is the height due to the velocity 
0/ any given point of the cylinder. The parameter of the parabola becomes greater when the cylinder 
rotates more rapidly. 

The law of the velocities may be deduced from eooation [2], by taking the variable e with 
respect to the time ; whence 



it hence follows that the velocities an noportional to the time. Geometrical oonsideiations 
establish the same law. For the curve OM H desoribed by the moving-weight is the represent- 
ative curve of the motion. By tailing G P as tiie axis of «, and G G' as the axis of y, the 
equation of the curve becomflt gS 

And the angolar oo^Bei«nt of the tangent, or the diffleiential of y, vitii nqwot to«, is 

'i = ^ = J- ra 

This saignlar ooeflScient is proportional to the velocity; now x is proportional to the time, and 
therefore the velocity is proportional to the time. But equation [6j would not give exactly the 
value of the velocity ; since, foi x s= wrt, we should have 

I'' =7-'. 

a value differing from expression [5]. This is because the units of time and space are not repre- 
sented by the same length, which condition ought to exist in order that the angular coefficient of 
the tangent to the curve of space, be eaual to the velocity of the moving weight. 

The units of work conserved in a Dody weighing Wlbs., moving m any direction a 6, or c<f, 
straight or curved, with a motion being either retarded or accelerated, may be readily found when 
the velocity v, in feet a second, is known at P, any 
point of the path described by the body W. Fig. 
12. The units of work accumulated in a moving 
body is equal to the square of the velocity in feet 
a second, multiplied by the weight of the body in 
lbs., and divided by 2 x 32*2. The mass (m) of 
a body is a constant quantity at all heights and 
in all latitudes, while the weight W and the 

value of g are variable; but m = ~ under all 

9 
circumstances. There is much uncertainty and 

error involved in the methods employed by phi- 
losophers to find the value of (/ in different places. 
In this work, for the want of knowing better, g is 
put = 32 2 feet. That is, a body faUing from a 
state of rest is supposed to be moving at the end 
of the first second with a velocitv of 32*2 feet a 
second. When we say absolutely and without other explanation that the quantity g, which 
expresses the acceleration produced by gravity, is the measure of this force, we give az^ 
incorrect idea, since </ is in reality only the velocity imparted to or taken from, a body by 
gravity during each second of its action, and the velocity which is expressed in feet cannot measure 
a force which should be compared witii pounds. The product of the mass m, and the velocity 

to 
V = -TVj has received the name momentum ; it is a conventional phrase, to which we attach no other 

signification than that of the product of the mass into the Velocity imparted to or taken fiom it. 

193 
If the weight to = 193 lbs. where g = 32^ ft., then the mass wiU be = ^^r = 6. In Paris g is said 

to be = 32 1817 ft., in which place to would be = 193*0902 lbs. ; but the mass remains unaltered, 

193' 0902 
for ■32~i8i7 = ^ *!«>• A body W at the point P, weighing 230 lbs. moving in any direction with 

14^ X 230 
a velocity of 14 feet a second has accumulated in it 700 units of work, for g- — = 700. 

Suppose two weights, F and E, Fig. 13, weighing 4*9 lbs. and 7 lbs. respectively, to be con- 
nected by a cord, I CD, that goes over a fixed pulley C, as in .^ttoood's mocAtiM ; the space through 
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which E miut descend to acquire a giyen yelooitr, iay 2*8 feet a seooiid, may be found on iheprincipU 
of %oork without direct reference to the acceleration of the bodies in motion. Thus, the units of work 

in P = ^n^(^y = "*^' *^® "^^ "^ ^^^ ^ E'= 2y^(^V = '^'^^'' ^^^^"^ *^ ^"^ 

acomnnlated work in the bodies E and F at the required position s • 9775. Now if we suppose x to 

be the space passed over by eenot of the weights, then the work of 

gravity on F =: 4*9 y x; and the work of gravity on £ = 7 x x; 

as the work performed on F has been produced by the work of B, 

the work existing in the bodies is also represented by the differ- 

enceof7xxand4'9 x » = 2*1 x a?. Therefore2'l x x = *9775, 



13. 



whence x = 



9775 _ ^ . 41 . , 
■gTj- feet = 5 ^ mches. 



Again, suppose a weight of 9 lbs. to act upon a weight of 
7 lbs. over a pulley C, Fig. IS ; the time taken for the greater 
weight to descend a given number of feet (100), and the 
common velocity of both bodies, may be determined on the 
principle of workf without direct reference to acceleration. For 
91bs. - 71bs. = 21bs., and 100 x 2 = 200, the units of work in 
botii weights. Then if v be put for the velocity, the units of 



work in 



in both bodies will also be expressed by gj-^ -* ,„^( 




whence ^^ = 200, and v - 28*8725 feet, the velocity at the 
end of 100 feet. Then the mean velocity = 14*1862, and 



100 



= 7 '05 seconds, the time of descent. 



14*1862 

AGHBOMATIC LENS. Fb., LenHOe achromatique ; Gkb., 
Achromatiache Linae; Ital., Zenie acromatica; Span., Lente 
acromdtioo. 

Those optical instruments and lenses which suffer the rays of 
light to pass through them, without decomposition, are called 
achromatic^ which signifies without colour. See Oftigal Instbu- 

MSNTS. 

ACRE. Fb., Acre (4840 yards carrot) '404671 hectare; Geb., 
Acker, — MorgenLandee s 8291*2 aq. yards; Ital., Jugero ; Span., 
Acre = 4046'87 metroa cuadradoa. 

A measure of land containing 4 sauare roods, or 160 square 
perches, is termed an acre ; the English acre of land contains 
4840 square yards. 

ADJDBESSINa MACHINE. Fb., Machine pour faciliter 
rimpreaaion cTun grand nombre d*adreaaea de letirea ; Geb., Eine Vor^ 
ric&ung danUt rnan aehr aohnell Briefet^<uireaaen achreiben kann ; Ital., 
Miaoehim da itadirizzi ; Bpan,, M^jwna para rnprimir aobrea^ ^a. 




O 
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An addressing machine is a 
machine for inserting the ad- 
dresses of letters and other 
similar articles. 

The addressing machine of 
N. E. ft G. W. Warren, Fig. 14, 
consists of a curved arm, G, ope- 
rating on a platen And worked 
by a treadle. 

The curved levers or arms, 
0, C, are operated by the bent sprinff G^'m combination with the adjustable head D, and the faces 
d, d\ Thepall F\ rockrahaft L', slotted arm L", and adjustable rod J, are worked by the quad ratchet I. 
ADHESION. Fb., Adkiaion; Gkb., AnxiehungaSraft ; Ital., Aderenza; Span., Adheakm. 
Adhesion is the union of the surfaces of bodies when brought together, and is measured by the 
force which is requiedte to separate them. Adhesion may be either natural or artificial. It is not 
to be confounded with Coheaiony with Oravitation^ nor yet with the pressure of the atmosphere upon 
an extenial surface when the air is removed from beneath it. The power or degree of strength 
with which bodies unite is called their force of adhesion. Bevan found that a nail driven into 
ChristiBna deal required 170 lbs. to extract it ; in green sycamore, it required S12 lbs. ; in dry oak, 
507 lbs. ; in dry beech, 667 lbs. A screw holds thi«e times as strongly as a nail of similar length , 
and in most light timbers a nail driven across the grain holds with twice the force of one driven 
with the grain. In oak and tlm there is not so much difference. Well-glued suxfiBoes of dry ash 



hold with a foToe of 715 Ib«. to the aqiura iuoh if the glue be new; Sootofa Bi with an ulheBiTe 
foioe of 5G2 lbs, to the square inab. 

The adhesiTs force on railroedB maj be estimated approiimatety item the simple expression 
ox', oBoall; writtea ct, in wbieh c is Uie co-effleient of adheeioii for the driving-wheels of the 
loeomotiTe, and I the weight of the locomotive in tons, which rest on the driving-wheels. The 
sdheslve fone of the driving-wheels, c x t, most sJwap be greater than the retractive force, 
28-4 X 1 X A nestrly, in which A is put for the vertiod rise in feet for each 100 feet of road. 



= 225' In mow and Brast. On hoise-railioads, or tramwafs in iaige towns, c varies from SOO' 
to 400' in snow and frost. The inflaenoe of the resistancee opemtiag on railway treins in motion 
will be generally disonssed vfhen we treat of the ezperimenti of UM. Krillemin, Uuebhard, and 
Diendonnf. See DrxAMOiirrER, Bailwag Car. 

The foroe of adhesion will be better nndentood from its practical relation io friction, and to 
traotive and retractive forces. 

Bnppase the area (A) of one of the two oylinders of a locomotive - 400 square inches, Hg. 15 : 
■tKike(B) of piston — I'Sfeet; mean pressure (P) on the aqnare inch — 961be.,andtliedianMter(D) 





of the driving-wheels = S feet ; then the tiMtiva foice = — g— = " g "" = 11520 lbs., 

II being very nearly — — r. when H Is the miles tn hour and n the revolutions of the driving- 
wheels ft minnte. Then the (totoftl horse-power (H) of the loooootive. Fig. 15, = - ..--- = 

" ff76D ~' '^''°''' ^ P^ "^"^ '' generally allowed for the Irietion of the looomotlve maohinery 
and the power required to work the pomps. 

Bnppoee a looamotiva, Fig. 16, weighmg 18 tons (t), to be placed on an incline rising 6 feet (A) 
inlOO; the length (B) of the stroke of the piston = 2 feet; area (A) of piston = 320 square inches; 
the pressure (P) — 75 lbs. on the square iuoh ; (c) the ooeffloient of adhesion = 560 ■ and the 
diaoteter (D) of the driving-wheels = 4'5 feet. Beqnired the tractim force, retractivt force, and 
the f<nce of adheiivn. 

Tii«tiv6foroe = ^^ - 22 4 x iA = ^^^^^5*^— - 22'i x 18 x 8 = TWllba. 
The retractive foroe 221 x t x A being = 3225 6 lbs. 

y t X i 
The base (6) for the rise 8 in 100 - 9968, whenoe the force of adlMim = jjg — = 

SCO X IS X 99'68 

1 00 = 10017-744 lbs. 

But since 10047744 is greater than 3225-6 lbs., the looomotivs can ascend the incline with a 
tmctive force of 10047 744 -3225 6 = G822-1441bs and withont the driving wheels slipptnt^. 

Putting T for the weight in tons moved on wheels, and suppose T to include the weight 
of carriages on conubon loeds, and the weight of carriages, locomotive, and tender on railroads, 
then on railroads the tractive coefflcLont (it) in lbs. to the ton in T varies from 4 to 8 lbs. On 
railroads in good oondition, with axles well Inbriceited, i = i lbs. to the Ion in T : on railrotuls 
and tramways under ordinary ciroumsfanoes, A = 7 ; for roads not in very good ocaiditioD, A = 8. 
In ordinary traffic — A 

On very smooth stone pavement . . . . . . = 18 

On ordmary street pavements in good condition . . = 20 

On some pavements and turnpike roads . . s 30 

On turnpike roads newly laid with coarse gravel and broken stones =50 

On oonunon roads in bad condition, t. = 150, ^id A becomes as high as 660 on natural loooo 

ground or on sand. 

While oomparing the lbs. in (A) and the tons in (T), it mnst not be (brgotten that I has been 
pnt for merely the weight of the locomotive in tons, which rests on the driving wheels. To 
dlustrate this matter, let it be required to find the retractive foroe of a train (T) = 150 tons. 
Fig. 17, movinK with a speed (M) = 25 miles an hour on a horiiontai line of railroad in the best 
tondilion, or when A — 4. 

The retractive foree U nearly = T {A + V"M) = 150 (4 -t- V 25) = 1350 lbs. : this foroe 
must be less tbaa c x (, the adhttive force. The actual htnse power (H) of the looomolivo ia 

nearly equal to »«- (A x V ^)- ^t '^ *^ roqulrod to find the horse-power (U) neoeasary to 
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dnw B tisin (T), Fig. 18, = 1S7 tone, up an incline of (A) = 9 bet in 100, with ft speed (M) ol 
25 toileo, when k = 6. 

M T ,.^ 25 X 157 



= 3J5 (22 4 A + * + ^ M) = - 



- (22 4 x9 + 4 + V^= 1923 5. 




The adhesive roiw ^^' moat be greater than T (22-* A + * + V M). If (i() be pnl for the 
Domber oF oonaecutive working hoars of a horse, (d) the Telooitj in feet a second, and (f) the 
weight of a horse in lbs., then. Fig. 19 ve have the approximate fonunln — 
F = TC* + VM); V = 1-466 M; and 



Whence the tiactiTa ability (F) of a hone runiiiiig five miles an hour in fom (d) m 

5 Ibe. ImsOj, let it be required to find tbe tnctiTe force F of a load I 



■"""• - 5 V 4 

= 10 tons, to be drawn M = 2J loileB i 

t = 50, the Toad being newt; laid with oouse 

apply :— 

P = T(M-4A+ t 

and F = 






F = 10(22-4 X 8 + 50+ /2^) = 2307 lbs. 

weigh t' =: 1000 lbs. and to work continually, d = \. honr, vp this tnrnpike 

"?9*Li = 86|11m. Henoetha 



Suppose a norse 
road ; the tractive ability of this botse will be 



2iV 

number of horees required — — -^- — = 27 nearly. 

ADIT. Fa., Paaage, Qaierit ((f^anilemetU 
iTeaa dam Ut tninei) ; Geb., Zugartg, Stottcn ; Itai„, 
Adito ; Bfan., Galeria de una mina. 

The horizontal opening by which a mine is 
enteml, or by which water and ores ore carried 
away is termed an adit. The woodont represents 
an exaggerated section of part of the undergramid 
workings of a mine ; A ia tbe shaft, a aud c the 
adits, and / tbe lode ; c ia called the shallow adit 
and a the deep adit. 

ADZE. Ph., HerminetU; Gkb., KTwamaxt, 
HoKleisen; Ital.. jllcio ; SPAN., .druWu. 

An adze is a tool for chipping, formed with a 

thin arching blade, and its edge at right angles 

to the haodle. The edge is only bevelled on the 

inside. See Hakd Tools. 

AFTER-DAMP. Fb., Mofettet ; GnL, Bfyet, oiir tBdIaidti Wetter ; Itm,., MefU ; Spak, Moftta. 

Chokfrdamp is often termed after-4amp ■ it is the c&rbonio acid gas wtiieh aocomulatea in minei 
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■nd Weill ; thia gu !■ called chok»4«mp beoaoBe it often dettrort life by preveatin^ the nepfn- 
tion of air. See Anemometeb. ^^ 

AGRICULTURAL IMPLEMENTS. Fb., Uileiuila mplog^i h ragrieuHare ; OtR., Landviirth- 
tt^fUiche Qeraihe ; Ital., Uacchim ed ufnuifi agriooli ; Span., Utilei agricolai. 

Hanf of the agricultiual implementB introdaccd Id ttiia article ue not only Tell-arrangied to 
effect the paipoaes for which they are deaigaed, but. at the same time, Uiey will be hmid, aa 
i^ards coDstmction, to interest civil engiaeers geaernlly, either in anggeatliig the applic&tinn of 
some peculiar mechanical principle, or in pointing out combinations ^ machinery i^ch may be 
found useful beyond the limits of the field oc formyard. 

The annexed woodcut, Tig. 21, representa a portable ateam-engine and windlaa oombined, as 
cotutmoted by C. Bnrrell : the windlaaa haa a ungle iheave of fi ft diameter, loimd which the rope 



pMwa, 
bold tt 



and it IB farmed of a donble ac 



« Hhow thii system of nsing wire-rope to be moat advantageous. The small leavea are made of 
chilled cast-iron, which ia not liable to much wear, but the iDavos, when worn, can be replaced at a 
trifling cost The power is conveyed to the windlass by an upright shaft from the crank shaft 




n three vheeb, so •• to 

1 re[>resents what Is termed the anchor, which Is shown attached to the working 
appamtuB. This anchor is made to reaift the side strain of the implement worked, by the catting 
Dl the disc wheels into the noimd. The anchor is moved along the headland by the motion of a 



S-feet ihean, which is turned by the ploughing rope, and as the plough goes away ftom the anchor, 
the Bh»vo winds . .. . . s i „ , ,^ ., ■ ■. ., . 



inghing rope, and as the plough g 
ilong uie headland and keeps the 



the sbwvo winds up a rone acretched along ttie headland and keeps the anchor opposite its work. 
The fnioe is made eiitinl; of wionghl iiMi. Aa the diac can be steered in any direction, th* 
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Bnehor ma; be nored along a onoked headland. The box at the back a intended u a counter 
poiee to prevent the anohoT beinK pulled oTer when beaTy work is being done. This machine is 
managed by a baj, who alao attettcb to the ahifting of the npe porterB. 




Pig. 24 represent* vhat, for agricultural pnrpoBes, is termed a liquid manure distribntor, 
designed by W. Croeakill. A pump and hoae being fixed to this cart it may, when yoked, be often 
found useful as a wateicart, either for the transport of water, from a distant river, well, or canal, 
or it may be applied to water roada and streets. 




Fig. 23 lepreaenta the portable farm railway of W. CnNsldll, which may Bomettmes be of use to 
contractora, engineers, or builders. 

Fig. 26 repreeents an improred bone gear or horse-power for driving machinery ; it has a 
strong oosl-ipon bfd-plate supporting the beiings of the Wizontal gronnd shaft, and the step for 
the vertical shaft. To prevent accident, and as a ptotoction trora dust and dirt, the whole of the 

fearing, and working parts, are encased by a cast-iron dome cover, Hecttred to the bed-plate, by screw 
Dlts. The main top bearing is adjustable by set screws, so as to ensure uniformity of wear, and 
steadiness of motion. 

Fig. 27 represents the bone-iaaping and grinding mill of Pioksley, Sins, and Co. It is simple 
in construction, strong in its worUng ports, and produces at the first operation, 25 per cent, mora 
duat than the ordinary bone milt at present In use. 

The working process is as follows : 

Unbroken bones are thrown into the hopper, fall upon the cutting bed, and are prcMed by feed 
rams against the teeth of revolving cylinders in ispid motion. 

The reduced bonea fell into an oscillating or revolving riddle, attached to the mill, in order to 
separate them into the two usual qualities, namely, duat and half-inch bones. 
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The ooaraer portioiis of bone, vhich do not ptws ihronKh the riddle, «re then, br mouu of 
ekrklon, thrown tgain into the hopper, and rs-gronnd with the unbroken bonsi. At the flnt 
t^wntion the following proportlinu ive oMuned -.-^ 

Diut 15 per cent, of the entire qiutntitj gionnd. 

1-iDoh bone . . 80 „ „ „ 

Ooanei matter (to be rHrotmd) 25 per cent. 
Thit mill is adapted for grinding eveiT descriptioa of bones, IrrespeotiTe of tize and quality. 
The feeding of toe Dtill ii r^nlated altematelj bjr the driving ihaft, and by a oounter baIano»- 
weight plaoed beneath the mill : bj tbi* oootriTance, the bonea aro preased afiainit the oattan 
wltboot any ondne tlmn being thrown on the woiking parti, and tha ponibilit; of bieakage is 
diminiihed. 
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The mill baa en ftppaistiu attached, for pasnng small piaoes of ii 
«t into the hopper with the bonea. 
UuheubI facilitieB are given for keeping the oatten ahaip and ii 



1 whioh maj aooidentallj 



leadil J disengaged, iharpened on a gnndBtone, and replaced ii 
labourer. 

Direciuxa for Proper f7«.— The mill diould be aet leTel upon a eolid fonndation of atone, and 
Beonred hj means of aorew bolta. 

The oapa oD the bearing^ should be fliml; screwed down. merelT leaving auffident play for the 
ahafta to revolve without unneceaaarj frictioa. 

The driving attap should be placed tightlj npoo the Writing pvUey, and the mills driven at the 
foUowtog apeMfl ;— 

Si-hotse power mill, 250 revolntiona a min. | S-bone power mill, ISOrevolntumsamin. 
4-horse do. 225 „ „ lO-horae da. 150 „ „ 

e-borsa do. 200 „ ,, | 12-hotBB do. 125 „ „ 

The oil bozea on all the ahafta should be kept well anpplied with oil. 

When the knives require grinding thcj may be readu; removed fh>m the cylinder, by using a 
key of f steel as a drift : this operation is performed by holdi;ag one end of the drift against the 
small end of key which keeps the knives in place, and etriking the other end with a hammer until 
the key is backed sufficiently to be withdrawn ; by this means the spiral segment which keepa the 
knives in place i^ be disengaged, and when the aegmenl is removed, the k&ivea ate liberated, and 
may he taken out. 

In replacing the knives, care should be taken that tbe keys ue so anven in, that they may 
clear the tnaui at the head and point, and the knife edge should pass the cnttet bar without 
touching. 

The knivea should he gionnd daily, as apon their sharpness depends tbe ntisfaciory working 
of the milL both aa to quantity and flnenees of tbe dnst produced. 

As the knive ' ' " 

Death them. 

Before starting it is desirable that the mill be inspectea, to see that all bolta and nuts, are 
secnro, and the knivee Srmly flied in their places, and that the cylinder has snatained so injury 
in aprevionB operation. 

1*116 chief aims of the application of mechanical power, aa a substitute for """"'"i labour, are 
to effect improvementa in the results of labour, ana to raider them leae expensive. The use of 
the hand-flail to separate and detach oom Avm its ears is now pretty generally superseded by the 
thrsaliiag machine, which, in its mRin features, may be called a oontrivance devised to auperseda 
by meehanic&I means the use of the hand-Qail, and thus to economize at tbe asme time both time 
and labonr, and secure a less wasteful mode of separating tbe corn and ctiaff from each other. A 
. thrashing machine essentially oonsiHts of a, rapidly revolving cylinder, with raised edges or 
beaters parallel to its axis and standing out from its surface. The cylinder or drum is covered by 
a concave surface at some two or three inches distant from the surface described by the edges a 
these revolving beaters. A feeding board extends radially and horizontally outwards from the 
cylinder, and near its termination are placed two feeding rollers, which, in revolving towards 
one another, not only rapidly draw the straw forward, but dso hold it from going too faat, which, 
under tbe Euition of (he beatera, would be liable to happen. The beaten straw, with the ohaff and 
grain lying loose among it, ia delivered on the floor behiod the cylinder, and the operationa of 
aeparetion by fork, riddle, and fanner may be afterwards performed by hand ; but m the mc»e 



r, tbey should be kept up in the dots by strips of wood being placed under 



Improved modem n 



these operations also are effectually done by mechanical contrivances. 



usually, BO connected with the thrashing machine aa to operate with it at the etmfi time and by 




the same motive power. The annexed woodcut. Fig. 28, repreaents a portable, combined, tangle 
blast thrasbing, atraw-ahaking, riddling, and winnowing maoliino, constructed by Pioksley, 
Binu^and Co. 
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Muiy minor improvements in •gricultuml implemento have been weentlj miide. We iiuert 
brier deeeriptionB, illuBtratal bj woodcutB, of some of the moet useful. 

An improved Oi-yo*f.— The mortise through the bow of an oi-yoke greatly TToakens the bow, 
and the key eometimes gets misplaced, and even lost, although attiiohed to the yoke by a leather 
thoog ; the thong may break, and just when the key is moat needed it beoomea (^ no praclictd use. 
To remedy this ia the design of the 
impravement shown in Fig 29. Two 
hinged [dates are aeoared to the top of 
Uie yoke, u shown in Fig. 29, the free 
enda engaging with notches cat in .the 
bow, and holding them securely in place 
Dntil they ue forcibly T»!sed by hand, 

Shetp Shtar.—Ylg. 30 represents an 
improved ahtep shear^ the oiovable cutter 
A pivoted to the face of the atationary 
cutter B, which ia divided into flugers, 
or bars, each one presenting a cutting 
edge to the aation of the movable 
blade. A slot in the free end of the 

Ting handle, and a acrew in the end 
the vibrating cntter, with a atop on 
C, on the oppoeitc aide of the plate 
B. governs the tlirow of the blade. 
The forks of the plate readily enter 
the matted fleece, thns facilitating the 

T ration of shearing, and the action 
the blade ensnres a drawing cut, 
requiring leas power and producing a clmner cut than ordinary shean. The form of the cutter and 
its throw can be regnlated to suit any hand : this implement may serve also for clipping horses. 

A vagon, the contents of which could be readily emptied or discharged by its attendant, haa 
long been a requirement, uot only upon a farm, but more especially in the grading of streets, 
railways, and the like. Dumping, as hitherto performed, required a oonsiderable exercise of 
muscular £[»ce when the discharge of the materials was from a four-wheeled wagon ; the operation 





also, oompantivelj speaking, involved great loa of time. The wagon, represented in Figa. 31. 32, 
appears to he efftetuaUy lecnred in dumping. The OMential features of the inventioii Till b* 
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readily nndentood by b referenoe to the cnta. This wagon ooniistB of » box, or body, eomamei of 
sepuBte Heotiima orruiged in line with each other between the longitadioal eidee, or bea-pieoee, 
oT the wBgna firame, eeudi Eection being; pivoted or iuspended upon these bed-pieoee by suitable 
laterally prajecting tmmiioiiB or pivots, bo that it may be placed in a horizontal position to bold 
the materials, or it may be tUted with its open or rear end downwards to diechtoge the materials 
tbereTrom. When the sectiona are all in a honzontal poeition, as shown in Fig. 31, the Beotions 
are connected by Boitable latch-pieces, or catches, at tbeir gides, in sooh a way aa to be firmly held 
in place. Theee sections may be filled by shovellmg, or other means, in the same manner as an 
ordinary wagon or cart box. When it is desired to damp or discharge the load placed upon the 
wagon, the several sections composing the box are diBConnected, and the eectiona are tilted 
asbefbre mentioned, and shown in Fig. 32, wherenpon the materials drop &om the sections 
by their own gravity, and the sections are conAequently emptied with great speed and &cility. 

Tlu Ctialillonais.— For the 
eouvenienoe ot snch agricul- **■ 

tnrislA as are in the habit of 
tnahing wine, cider, or perry, 
we give a cat, Fig. SS, and 
short description of a veiy uBe> 
fol press known as the ChitU- 
lonats, and highly esteemed in 
France. The meohanimn ia 
placed on wheels, and the ma- 
chinery tor preeaing is below 
the trough. The pressing is 
so performed that free passage 
is Ki»en to the screw ; the 
ratchet brace A, placed apon 
the handle of the axis 0, is pro- 
vided with 14 crank handles, 
and by means of C moves B, 
which has 90 teeth the axis 
of the latter carries a conical 
ocs'Wheel with 10 teeth, and 
this wheel grips into the large 
wheel D provided with 102 
teeth ; the multiplication is 
therefore 6'43xlO'2 = G5 SSS, 
that is to say, that the screw 
makes one revolution for 65 686 
strokes or rcvolntions of the 
handle. The .average diameter 
of theecrewisO'lDlS, andita threadis25 thtt gives for the inclination of the thread a = 4° 30'. 

The ladina of the handle is 0-" 40 at most, that latosay L = 4, r = 05075, n ^ 65'566, 
a = 4° 80', and v - 5^ 42 40 If theee figures be substituted in the general formula we have the 
(bllowing result ;— 




^'Vmw 



^ -^^ 005075 " *^™" ** (a 10* 12- 40"+ l-9SlgS°*2'W 

Plaoe for P IS kilogranunes for one man, or in all SO kilogtammee, P = 49545, and, n^Ieoting 
friction, we have at letuf 40,000 kili^rammes of OBeTnl work. 

49 545kil. X 025 _ n n. 

65-586 xS* X 04 x 80 kU. " ''■^''■ 

When the friotion is taken into consideration, we have only ' 207, or about 21 per cent. 

7^ improved Staper of JKetsrs. Houxtrd.— In this reaper. Fig. 34, double concentric cams are 
employed, the one for directing the motion of the gatherers, and the other for guiding the nkes ; 
the former being caused to drop down into the grain, in older to bring it up to the cutters, and then 
to rise again, so as to clear the cat grain on the platform, which is removed by the rakes governed 
by the serand annular or coneentrio cam. The platform i« hinged to the centre, by a kind of drag 
bar, and the delivery ia effected by a cenlnJ shaft, which is dnven by a pitck chain, thus enabling 
Ugbtgearmg to be used for operating the cutter bar. The mower of Mmbis. Howard, also, poesenes 
several improvements, amongst which we may point out a simple mode of lifting Mid varying the 
aiu;le> of the cutter. The " Clipper Mower, '^ wliich we illustrate, has many peculiarities. The 
pole is independent of the draught, ns the tractive strain is exerted through a sliding attachment 
on the under side of the pole. By this system there is a tendency not only to draw the machine 
directly forward, but at the same time to lirt the shoe off the ground. The inside shoe and its 
attachments are so arranged that the fingers and knives oan be changed from a level cut to an 
angle of thirty degrees, while the machine ia in motion. 

Coivin't Cow-mUAiag U<Khine. — The engraving, Fig. 35, repreoents three cow-milking machines, 
opented by power, and attended by one man ; two of these machines are shown, each milking a 
cow, and one exhibits the milking completed, and the cow turned back out of the way, so that the 
cow that has been milked may pass out to moke way for another to come into the stall to be 
milked, so as not to stop the power while changing ue oows. The stanchion is the mme as any 
ordinary stanchion, with the exception that it opens out, to let the cows pass through, and facilitates 
the changing of them ; in this manner, cows can be very quickly brought to the machine. The 
operation occupies leas time than it would take to go to the cow in the yard, or stable ; the cows 
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ioon learn to Mtne to tlie maohins if ted. t, fev Umea while being milked, or by being enticed 
thiougb giriiig them some tall. The milk is conducted by auitable tubing into large cans partially 
sunlf in Uie floor; three maohinea are aulllcient to milk sixty covs in the time it vonld take lis 
men to milk them by hand. The moving power is Imparted to the machines by hand, by a dog 
running in snitable gear, or other prime mover. The milkers are worked by pomps, the pistons of 
which are driven by power ; they are attached by a jointed iron pipe to allow of the movement of 
the eow forward, backward, or sideways, always adapting itself to net motions ; the teat-cops ai« 
nade of oomiBated india-rubber closely envtJoping the teats, and will fit any cow. The pomps 
a«cillate in such manner aa to Kive the natural motion of a calf sucking, or to import the motion 
of the human hand while milking ; the space between the elaatio diapbnLgm in the milker and 
the pnmp being flUed with water, which, in working the pomps, oscillates ia the tube, and 
pndnoee a vacumn at each alternate stroke. By the working of this machine It is clear thnt 
no dost noi any dirt can &U into the milk. 




The lines are well 
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fbimed, Mid the fornrd actiaa of this implemeat or nurahine effect* a complete KI»ntioi> of 
the gnn, wlule its bnok-^ction leevee the crop light and looae. The fork baneU atb so arranged 
u to render ologgiD^ altaost impoeuble : the forks are mounted in sets of three, and plaoed in a 
ng-ng pooitioii; thu utsngemeiit eqiialisee the work, while it sepaiatea and distnbntea the 




Drop. The macbine flbown in Fig. 36 is fltt«il with a wire acreea to prevent the gram ^di 
lodging on the front. The niual method of reversing the motion of such machinal has hitherto 
be^ either bv looee sliding piniona operated hj means nf clutches on the fork barrels, or bj 
■liding the fork burela themaelves : this last plan having the disadvantage of alterieg tbe relative 
podtiMlE of the Forks, and tendering the machine liable to clog. In Howard's bajmaker, the gear- 
work ie strong and simple, and the motion can be changed in en instant to the hsokwaid or Forwanl 
action by a ^ple ecoentrio movement of the main axle, and thos the diMdvantu:es above pointed 
~~' "re obviated. A similar eooentric movement is employed to nise or lower toe fork bureU, so 



ont areot 




M to ad^ the machine to tbe nature of tbe crop. When the forks are eet for tlie forward action, no 
eban^ is required when the baokwaid action of the macliine has to be brought into play. 

Pig. 37 repreaents HoitanTt DaMt-aetuM Haf/mdur, dtiigued for two hormi tbe wue Mreen to 
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prevent the grass from lodging in front may be applied to this machine in a similar manner to that 
shown in Fig. 36. 

To prepare the machine for work, take off the trayelling wheels, grease the axles, see that 
the gearing is dean, and supply a little of the beat machine oil to the two oil holes in each fork 
barrel and in each side plate. When the machine is in work, the axles mnst be greased and the 
gearing cleaned once a-day, and the fork barrels and side plates oiled two or three times a-day. 

For the first tedding or breaking the swarthe, the forward action should be used. To put 
the machine into gear, move the lever opposite to the letters "FA" on the side plate. It is 
generally better to work the machine across the swarthe, as it spreads the grass more evenly. 

The backward action is to be used when the grass is partially dried, to lighten it up, and 
thoroughly expose it to the action of the sun and air. The backward action may also be usea with 
great ^vantage for opening windrows. 

The machme should be raised from and lowered to the ground to suit the state of the crop ; 
the heavier the crop is, the higher the fork barrels should be. To alter the height of the 
machine, move the lever fixed to the end of the shaft bar. When working with the backward 
action only, set the machine near to the ground. 

When the single haymaker is operated with, the best method of raising or lowering the fork 
barrels is as follows : — Close the fork-heads, raise the shafts gently till the heads rest on the 
ground, and then slacken the handle-nuts until the bolts can be raised or lowered into the 
required notch. 

Should any of the parts of the machinery shown in Figs. 38 to 49 be accidentally broken, or 
require to be removed, they can be supplied separately and detached. 

Fig. 38 shows the off side eccentric; Fig. 39, the covering plate; Fig. 40, centre star and 
barrel; Fig. 41, side star with pinion; .Fig. 42, wheel: Fig. 43, fork head casting for spring; 
Fig. 44, fork head casting ; Fi^. 45, loose pinion ; Fig. 46, near side eccentric (outside) ; Fig. 47, 
near side eccentric (inside) ; Fig. 48, side star ; Fig. 49, wheel box. 




One of noward*» fforae-rakea is shown in Fig. 60, and is intended for raking heavy meaaow 
crops, and for windrowing. Although this rake is of a large size, it is within the power of one 
man, .and may therefore be used for general purposes. It can be fitted with a pole instead of 
shafts, and it has been found to leave the hay and com in a looser or less compressed state than 
rakes of smaller size. These rakes have from 24 to 28 steel teeth each, the wheels are 42 inches 
high, the extreme width between the wheels from 7} to 8} ft. ; the heaviest of these rakes does not 
weigh more than 5 cwt. 

Fig. 51 shows a horse-rake on the same principle, but made so that the shafts can be readily 
removed to the end of the rake, by which means the implement can be drawn endwise through 
gateways or along narrow foads. This form of hay rake is well suited to mountainous districts 
wheie roads are narrow. 

0.2 
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0» (^ Apt^ieetim of Sltam-Fotetr la Ctiliiratiiiri.~T]ii» article ib takes from ft p*.per pnbllahed 
in ths ' PioceedmgB of the Inititnte of MecbEuiicsil Engineere, 1865-6,' the joint prodoolion of 
John Fowlor and DnTid Greig, of Leeds. In couBidering Ibe mechanical problem to be solved 
in the application of steam-pawer to agricoltare, it is requisite before referring to the dedgo 
of any particular machine to examine the general principlea on which the application of me- 
chanical power to oultivation can be best elTected. To do this effectnally, it is neceasar; to 
ascertain the natnre and extent of the difficnlties to be overcome, and these may be stated to 
be the folloiring : — 

L The irregulariticB of level In the Bnrfaoe to he acted upon. 

II. The varying poHitions of the machinery upon the groand rendered necesacury as the work 
pnoeedf. 

m. The difBcnlty of getting heavy engines of mffleient strength moved ftbout where no road* 

IV. The prodnotion of a rope of snffloieni strength, hudneM, and elasticity, to stand the work. 

V. The changea in the state of the soil from efiects of the weather. 

I. The first idea which natnrally occurs m applying steam-power is that of attaobing the 
motive power direct to the implement, as is done in the case of horses. Bat experieDce has pioved 
that the power rei^uired to move a steam-engine over land, of sufBdent power and weight foi 
traction pnipoees, is qnito impttoticable, from the faet that such an engine would weigh at 
least 12 tons, and wonld in many cms* absorb as much as SO-horse power in the mere act of 
moving itself at the rate of 2j miles an hour. Moreover, when the land gets at all wet and greasy 
on the top, it becomes quite impossible to make socb an engine travel over the soil ; white, more- 
over, the compreasion caused by its travelling over the land would in moat cases neutralize the 
good otherwise effected by the cnltivating implement. Under these ciicamstaiuies it becomei 



AGRICULTURAL IMPLEMENTS. 



21 



•beolutely necessary to convey the power over the surface of the land by means of a lope, 
allowing the prune mover. 

The use of wire rope for this purpose met at first with great difiBculty, and was, from various 
causes, attended with great drawbacks, but these having been gradually overcome, it is now pretty 
generally applied. The first system of using rope was by placing the engine in a stationary 
position at tne side or comer of the field to be cultivated, as shown in the diagram, Fig. 52, 

62. 
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leading the rope all round the margin of the field ; the two ends of the rope were attached to 
two wmdmg drums at the engine, -giving out and taking in the rope alternately, and the plough 
or cultivating implement being attached to the middle of the rope, was haiU^ backwards and 
forwards across the field. This rectangular arrangement involved a great deal of fixing machinery 
in the field before commencing operations, including fixing the engine and windlass, fixing a 
pulley or snatch block at each of the two comers of the field nea^st to the engine, and a large 
number of rope porters, or carrying pulleys ; it also entailed two movable anchors, one at each 
end of the line of traverse of the implement, which had to be shifted by some means each time 
that the traverse was reversed, so as to lead the implement into a fresh line. In Fig. 52, D is the 
engine, B E J L M are rope porters, G the windlass, A and F pulleys, H H movable anchors, 
K the plough, and Z Z stationary points. The general constraction of the rope porters is shown 
m Figs. 53, 54, 55, 56, 57, 58. Figs. 53, 54, 55, show the larger kind used for the permanent lines 

63. 64. n 66. 
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of rope, and Figs. 56, 57, 58, show the small porters for the rope attached to the implement, 
which am withdrawn and placed again by boys as the implement passes across the field.' In 
employing such an arrangement of tackle, the consideration of the complication of the parts, the 
numerous pulleys and frequent bending of the rope over the pulleys, which were of necessity 
small in diameter, and the great time required for fixing the apparatus, early led to the conclusion 
that such plan of applying power could not prove permanently successful, and so it is now super- 
seded by more direct and simple arrangements. 

Thd second mode of using wire-rope, shown in Fig. 59, was merely a modification of the first, 
and consisted in placing the stationary engine and windlass in the centre of one side of the field, 
and leading the ropes away diagonally across the field to two movable anchors placed at each end 
of the line of traverse, of the implement. A pair of horizontal leading pulleys attached to the 
windlass allowed the rope to pass off at the varying angles which the progress of the work 
required until both the movable anchors came in a straight line with the windlass. By this 
triangular plan the two fixed pulleys in the comer of the field, in Fig. 52, were dispensed with, 
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mad folly one-fourth of tho zope with its requuite porten was saved. This anftngement was a 
i(reat improvemeDt on the former, and the enoouragement that it elicited led to a further step, 
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which suggested the Important principle on which all subsequent machines have been oocstmeled, 
namely, uiat of direct pull. 

In Fig. 59, 1 is the engine; 2 the windlass; 3; i, 7, 8, rope porters; 5, 10 moTihle anchors; 
6 the plough, and Z, Z, stationary points. 

The third plan of working with rope, with direct pull upon the implement, is shown in Fig. &k 
and consisted in placing two horizontal winding dnmis under a traYelling engine which moyea 




slowly along the headland of the field, keeping always in line with the work. The travelling 
motion was obtained by means of a pinion gearing into a largo internal toothed wheel fixed uijon 
one of the carrying wheels of the engine, and connected to it oy a friction clip to prevent any risk 
of injury from overstrain. The rope was stretched from one winding drum of the engine across 
the field to a movable anchor on the opposite headland, and then hojok to the implement to which 
it was attached, and another rope from the other drum was also attached to the implement. 
The work was performed by the engine winding up one drum as it gave off rope from the other, 
the implement Doing theroby pulled backwards and forwards across the field. 

In Fig. 60, a is the engine, bcdefh rope porterSi g the movable anchor, k the plough, and Z 
stationary point. 

The movable anchor is shown in Figs. 61, 62, and consists of a carriage with a horizontal 
pulley, A, mounted on it, round which the hauling rope, B, of the plough worked while the sharp- 
edged carrying wheels, G, entered the ground and resisted the side ptdl of the rope. The anchor 
carriage was moved forward each time of changing the <Urection of the implement by means of a 
stationary rope, D, strotched along the headland and made fast at the end, as shown in Fig. 60. 
This rope was attached to a small drum, E, on the anchor carriage, and a slow motion was 
communicated to the drum from the pulley. A, bv ^e two pair of wheels and pinions, F, being 
thrown into gear, the anchor carriage thus pullea itself along the headland a sufficient distance 
each time, so as always to keep in line with the implement and engine. The box, G, on the 
carriage was weighted sufficiently to serve as a counterpoise to the pull. 

The experience gained in this plan of working showed that the principle of direct pull of the 
engine upon the implement was the correct one, but the cumbersome arrangement of the two 
winding arums and tne difficulty of coiling the wnole length of rope required for reaching across 
the field, together with the crushing of the rope arising from the soft material of which it was then 
made, and tiie small diameter of the drums necessarily employed, indicated the need for a still 
further modification in the apparatus. The next step was the employment of an endless rope 
stretched across the field, as in the preceding case, with this difference, that the power was now 
wmmunioated to the rope by friction instead of by winding on and off a drum, as m the plan last 
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. . B the resirtaDoe of tbe work. In ordsi lo meet the TarutioiiB in the length of the lope 
txxaiioned b; the iiregitlaritieB in the boundarj of tbe field, two light burels worked by hand 
were mounted od the caltivating implsment to which both ends of the rope were Bttoohed, and bj 
theae burels b portion of rope wm let out or taken up by hfuid na required to keep it at the 
proper degree of tightuesa. When new, this apparatna worked very well, but the wear and tear 
of rope from its numerous bends, and more especially trom another (suse, which required «ome 
time to develop itself, rendered it neoessar; lo aban&n this plan. Hub great difficulty wa« the 
impossibility ot keeping the eight groovee of the driving drum all of equal diameter. The two 
leading grooves were found to be ^wafS wearing at donble the rate of the others, and all the 
KToovea having lo revolve at the njne rate, a conetant Barging of the rope was oocasioned by the 
difference in speed of the oircnmferenoe ot the different grooves. This involved deatmctive wew 
ot tbe rope and loss from friction, and every revolution ot the drums caused a further grinding 
away, thus incressing tbe errora In the diameten of the grooves. As an instance of the deteriora- 
tion thus occasioned, it may be mentioned that the apparatus got into so bad a condition (hat the 
engine could not perform one-half tlie work that was aooe b; it when new. 

These evils led to a modification of this plan of driving, by the employment of a single 
driving drum with two S/'gioo'vea, as shown at C, Figs. 65, 66, round which the rope wat mads 
to take two three-quarter turns, one in each groove. This was effected by using two guide 
pulleya, D D, one on each side of the driving drum C, which trauBfened the rope from one 
groove to the other of the driving drum. In this case, as there was only one driving drmn with 
two KTOOvea in it instead of two drums with four grooves in each drum, the wear uid tetkr were 
greatly diminished ; and this plan of apparatus, although retaining to some extent the evils of 
the former, is Btill working successfully m several places. The objections still remaining, however, 
are the number of bends to which uie rope ia subjected ; and mim the grip on the rope being 
obtained by its forcing itself into the \/-groaye by the tension put upon it, serions wear and tear 
raauit. In this csae Uiere is a compound surging, for from the point where the rope Brat touches 
the drum, the pressnre, fordne; the rope into tbe groove, increases as the rope passes round the 
dnim, causing the lope to He deeper in the groove, whereby it virtnally I n fs o ns the diameter of th« 
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of which the rope moat keep on anrging endways tt the m 
Kniove. Although these movements are so tomll as to be _, . 
re actuall; takiug place ooutiuaaJl^, and the remit in iehotu wew andte 
. IB grindiDK motion otbi the whole rope m (nioceaiion. 
The olip dram Is shown in Pigs. 67, 68, 69, 70, 71, 72, 7S, 74. 




!F^' WUcation of the clip drum has been fonad to economize the motive power, sun 
facihtate the required movement. 

'j'^" '^'^ ^^°°^ coomata of a eeriea of JBwa or elipe, A and B, hinged lomid the oiioninference 
the drum close together in a ooDtinnona line, forming e. complete groove, in which the rope 
works. Each pair of clipa in suoceasion, aa it paesea round to the point where the prewnre of tl 
rope upon the drum commence*, cloaca and oeiiea hold of the rope, tta ahown m Fig. 70, 
oontiuuea to grip the rope throughout the half revolution, until n?BclunE the point where the' i 
begtoa to leave the drum, when the oUps fall open, aa ahown in Fig. 71, being relieved fnm 
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preflBore of the lope. The amount of grip is in all cases proportionate to the poll upon the lope, 
and such as efTectiially to prevent any slipping. 

The only provision requisite to suit the clip drum for working with any size of lope is to 
adjust the width of opening of the clips to the particular diameter of rope to be driven, by 
widening or contracting the distance between the centres of motion of each row of clips. This 
adjustment is effected in a very simple and complete manner, by having the lower row of dips, B, 
centred noon a ring D, Figs. 70, 71, which forms the circumference of one-half the depth of the 
drum, and this ring is screwed upon the body of the drum by a thread chased round its entire 
circumference, so that bv turning the ring round in either direction the distance between the 
centres of the upper and lower clips is simultaneously increased or diminished in every pair to 
exactly the same extent, all of them being kept in perfectly parallel positions. The ring D is 
held in the desired position by the bolt £, Fig. 71, which prevents it from turning. 

The lower clip, B, of each pair having a heavy overhanging lip, F, on the outside, is enabled to 
lift the upper dip, A, by means of a small finger, G, projecting from its inner end, and pressing 
upon the tail of the upper clip, so that the clips always remain open until receiving the pressure of 
the rope, and they fall open again, and release the rope the moment the pressure is withdrawn. 
The stop H on the upper clip, coming in contact with the body of the drum, prevents tiie clips from 
falling open too far. Figs. 72, 73, 74, show the bolts that serve as keeps for holding the ends 
of the pins on which the clips are centred. 

The action of the dips is similar to the closing of a hand upon the rope, laying hold at once so 
firmly that the rope cannot slip, and retaining this hold uniformly until the rope is released 
altogether by the opening of the clips, so that all friction or surging from an imperfect hold is 
avoided, as well as an v shifting of the rope at the beginning and end of its contact with the drum, 
such as is inevitably the case in round or V'^^^P^ grooves ; at the same time, by means of the 
ring D, on which the lower row of dips are centred, the hold upon the rope can be adiusted to any 
desired amount, according to the power required to be transmitted, and it can be absolutely 
depended upon when once adjusted to continue working uniformly with the same amount 
of nold. 

An important practical advantage found to result from the working of this dip drum is that 
the rope is subjected to a continual pressure upon its sides whilst passing round the driving drum, 
thus avoiding all tendency to the rope of being flattened by the pull, as in an ordinary round 
bottomed groove, where the pressure of the rope is upon the bottom of the groove only. Also the 
groove in the dips being so curved as to fit the rope closely round a considerable portion of its 
ciroumference, the pressure preserves the form of the rope, and serves to consolidate it bv 
continually closing down all protruding wires, and preventing the deterioration of the rope by such 
parts being caught in passing the subsequent guide pulleys. In the working of this apparatus, it 
will be seen, from Fig. 60, that one-half of the total length of rope is never in contact with the 
driving drum, the other half alone being passed round it rackwards and forwards successively , and, 
in many cases, the actual result has been that the portion of the rope which passes round the drum, 
and has all the work to do of transmitting the hauling power, has lasted longer than the other 
portion which has no such work to do, but is simplv expMed to tiie bend round the pulley of the 
movable anchor on the opposite headland, the nriction from the guide puUe^ being exactly 
the same in both cases. Another important advantage is that no tension is required upon the rope 
leaving the drum ; all that is requisite is that the rope be taken away, and not allowed to kink. 

It may be remarked that these advantages of the clip drum render it specially adapted for 
use in other positions where a rope is the medium of convejdng power, and the saving that it has 
effected in the wear and tear of the rope employed in cultivation has been fully corroborated by 
the result obtained in its use for other purposes. 

The second point of difficulty for consideration is the continually varying positions of the 
machinery upon the ground rendered necessary as the work proceeds, in consequence of which it 
is necessary for some means to be provided whereby the ropes will admit of the two extreme 
points being moved nearer together or farther apart, as the varving boundary of the fields may 
require. With a pair of winding drums this is easily effected, by not allowing the unwinding 
drum to begin by giving off rope until the rope becomes tight in each case. For this purpose a 
heavy break has to be applied to the paying-out drum to save the rope from trailing on the 
ground, for if the rope is not kept from touching the ground a serious loss of power is the result, 
as the difference in draught required to pull a rope lying on the ground and one properly 
carried is as much as ten to one. Hence it oecomes a very important point that the rope should 
be efficiently carried off the ground. 

Figs. 75, 76, show the construction of the compensating break that is employed when a pair 
of winding drums are used, so as to compensate for changes in the length of rope that is required 
as the work proceeds. The winding drum A is driven oy the pinion B, which is coupled to the 
driving shaft by the clutch D, but the driving shaft is geared to the paying-out arum E by 
means of the second shaft, F, havingoorrespon<&ig pinions at each end, so as to allow the two 
drums to run in opposite directions. ^The two pinion shafts, G and F, are however made to revolve 
at slightly different speeds by the two outside pinions, G and H, that gear together, being of 
different size, the pinion H being one-ninth smaller than the other, and consequently the paying- 
out drum £ is compelled to revolve one-ninth slower than the winoing-drum A. This causes the 
slack in the rope to be all taken up by a few revolutions of the drums, and further strain on the 
rope prevented by the pinion G being connected to its shaft by a friction-break, I, so that it is 
allowed to slip on the shaft. The rope is thus kept constantly stretohed tight by the friction of 
the break T. 

When the endless rope apd clip drum are employed for working the implement instead of two 
winding drums, a very ingenious and efficient plan is adopted, whereby the rope is kept tight 
without any loss of power, the slack of rope is taJcen up or more rope is given off, as the field may 
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■moll barrels, A ud B, mounted on the plough and imoiwcted by georiiiB with a lebtive speed 




of Ave to one, bo that the pulling rope 0, in drawing off one foot length of rope fnan the barrel A, 
winds up S ft. of the slack rope D on the other barrel B, until aJI the slack ia taken up. The 
implement then starts at once, when the rope become* tight, and on its arrtval at the other end of 
Ibe field the act of the man taking hii aeat at the other end of the implement n 
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•d^AotiDg leren hmi clvtcbes, L and M, sie ooth kept in gear by Bprin^ bat an tfarown oat of 
get •Itenatel; by the ut of the mui taking hia ie«t upon the seat K, Piga. 77, 78, flrat at one eoU 
and then at the oppoeite end of the plough, and b; that meana pnlling the rod L ot H. The tame 
action is thna obtained in whichever directian the implement is travelling, one of the chains E oi U 
with itt pair of driving wheels being always kept m Besr with Uie rope barrels whilst the other 
is out of gear. An advantage arising from the use of the slack gear is the elasticitv thetebj 
affi>rded to the lope, shoold the progreas of the implement be obstructed by its commg m cootaot 
with Btonee or roots in the ground : in this cue, the rope not being absolutely tight, has a 
mai^ for taking up forthei slack, which aotj as a Bpring easing the strain cansed by (topping 
the unplemeot suddenly. The third difflcnlty to be ooiuidered is that of getting heavy engines 
of sufficient strength to be moved about over ute ground where no roads exist. 




This baa hem a serious dmwbaok to the introduction of ataam cultivation, and one whioli has 
led to more breakage of tackle and machinery than nil the action of the machinery in performing 
its work of cultivation. Two causes have contributed to this resnit, namely, a mistaken idea at 
llrst prev^ing. that ligbtneos was an esaential point, which led to paring down the metal in all 
parts of the machinery, instead of making the machinery so strong ttat it could not be broken bj 
the ftUl steam-power, u>d then increasing the width of the carrying-wheels to such so extent ar *- 
" ■■ ■ ° " Theol' -' 



re carrying U 



ii the heaviest and wettest fields. The other mistake was that the 



qieed of working on the road-wheel was not reduced sufficiently so as to allow the engine sufficient 
leverage to get out of any difficulty it might happen to get into ; and the want of judgment on the 
ajt iH the men using tEteae machines, often led to thdr bei . - ■ • - i-« 



places of 



part of the men using tbeaa machines, often led to thdr being put in plac 

cally. The Brat of these mistakes has been met by making the machinery so strong that the 

•team when full on is the weakest part of the whole machine. This has naturally led to great 

■eight, bet that is no real obstacle, provided the earning power of the wheels is ' > --- 

proporiton to the increase of the weijjht to be carried. In fact, the weight is a 

m steadmess for working, so long as the machine a ' ' ' ' ■ • • ■ 

ground. 

Carrying-wheels are now being made for speoial pnrpoaes as mnch as 90 inohea wide on the 
ria, as shown in Figs. 61, 82, where the dotted lines A A show the portion that is added to 





the ordinuj 20-inab wheels B B, and these wheels have been proved to carry a 12-ton engine over 
any land in a fit state of enltivation. The wheels are driven, each separately, by means of a 
friotimi-clip C, wbioh prevents any risk of brealcage from esoeaive strain of driving, the abaft D 
being driven by the puiion and spnr-wheel E. 

Ine nest point was to reduce the speed on the driving-wheel, so as to give the engine soffloteot 
levenge to get out of anv difflcnlty ; and for this purpose two different driving speeds are provided, 
one giving 8} miles per hour and the other only 1 nule per hour for bavelling, when the engine is 
working at its full meed of 140 revolutions por minute. In older to obtain st^ciW adbeaioD 
under speciallj difflc^t circnmstanoea for the exertion of the full tractive power of the engine, the 
additional proviaion has been made of temnmrily fixing transverse T '"H" by means of bolts 
npon the runs of the wheals, as diown in Figs. 81 and 62. With regard to the men, time and 
experienoc^oombined with the extra woric caused to them by getting into diffleultiea, are the means 
of gndoall J redneiiig the difficulty arising ftom want of jao^iMnt on thair part 
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Another pbn for meetinK the difficulty of Retting auoh heavy niBOhiuea moW aboat hu 
adopted with the moat Batisfaotory lesnlto. ThiH oonBiatB io oombioing the power of two b 
aixed engines, u shown in Fig. 63, the seoond engine being worked in place of the movable tu 



the power of both engines la applied a , . 

clasB of operations can be performed by them : and Ibe losa of power in working the rope is very 
much lessened by the fact that both lines of rope are alwaje in effective tension, and are thereby 
well carried with half the number of rope porters. Another advantage derived from the adoption 
of this plan is that the engines are better adapted for the other work of the farm, ea tho farmer 
has then two engines of 7 or 8 horse-power instead of one engine of 10 or 14 horse-power ; and by 
having two of them a regular system of cartage on the farm can be carried on, Ibe engiuea being 
■pecially arranged for traction purposes. 

In Fig. 8S, A, E, are the engines ; B, B, B, D, rope porters ; and C, the plough. 

The fourth difficulty to be surmounted was the production of a rope of mCBoient strength and 
hardness, combined with elasticity, to stand the required work ; and this was a very serious point. 
as the inability to accomplish it nearly upset at oue time the profltable amployment of steam 
cultivation. 

The flnit rope need was made of iron wire : but it was won out ao quickly, not doing so much 
ae 200 acres, that it eoon became evident such material would not atand the strain and friction 
atteoding the work ; whilst by increasing the strength of the rope its weight was so much 
inoreosed as to consume nearly the whole engine-power in overcoming its friction. These diffi- 
culties becftme eo serioits, that great exertions were made to get a rope of steel aufflciently bard to 
rtaud the wear of trailing on the ground and also the friction caused by coming in contact with 
the numerous pulleys of the machinery then employed , and in 1857 two steel ropes were applied 
which answered the purpose admirablv, and performed with the then imperfect machinery upwards 
of three times the amomit of work that was done by the firsi iron rope. From this point it was 
established midoubtedly that all risk of the difficulty with the rope causing a check to the 
application of steam to onltivation was now sefely OYei«ome, the introduction of the steel rope 
having effoctually accomplished the object in view. The machinery for working the rope, how- 
ever, required groat improvement and alteration before getting to the point of thorough efficiency 
with a minimum of wear r the chief objects in these improvements being to have es few bends as 
poBsible, and those benda over large pulleys. A great saving in the wear of rope has also been 
effected by the improved means of keeping the rope tight, preventing it from dragging upot^ the 
ground. From time to time, as the various improvements in the machinery have been effected, 
the increased quantity of work done by the rope before being worn out has been very marked ; so 
that the cultivation of from 2000 to 1000 acres can now be accomplished with one steel rope, the 
amount varying with the nature of the soil and the width of the implement used. 

Although much of this increase of duty depends upon the construction of the machinery, atill 
a great pert of the success is to be attributed to the superior manufacture of the steel wire. At 
first tho steel ropes, although much superior to those of iron wire, were very irregular iu their 
quality and durability, often varying as much as oua-balf m these respects ; and up to the present 
day steel ropes made of the oommon qualities of steel wire vary in their quality to the same 
extent. After a series of careful experiments, combined with accurate testing, a quality of wira 
has now been produced for the purpose, which can be obtained of complete uniformity in tensile 
strength, and poaseasing a high degreeofbBrdneeB,aombined with the requisite flexibility and tough- 
ness for working. To this great advance in the manufacture of steel wire rope is to be attributed 
in a great measure the preeent suooess of steam cultivation. The tensile strength of this wire has 
been increased from 1500 lbs. to in somd cases 2400 lbs. for No. 14 wire gauge. Steel wire of the 
common sort has indeed been made to attain nearly the some tensile strength ; but this is always 
accompanied by the defect of brittlenees, which ia a fatal defect in the working of n wire rope. If 
the quality of steel rope should continue to improve at the same rate as during the last three 
years, the coat of wire rope will be reduced to an unimportant ilcm by the acre. 

At the commencement of steam cultivation the iron wire rope ran a mileage of not over 750 
miI«sbeforo being worn out, costing 1 1. Vii. the mile of running. The first steel rope rau 1800 miles, 
costing li. a-mile; and the present steel ropes are runnmg on nn average tJOOO miles, costing 
only about 2Jii. a-mile, running with a tension upon them of about 25 cwt., and this notwith- 
standiog that the price of rope has been-incrcascd from 601. to M/. for the ordinary length of rope 
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at 800 yards. The ateel rope at present nsed in ateam cnltintion la ^ths inch diameter, and weighs 
about 2Iba. B--yard, making a total of about Ilcwt. for the length of BOO yaiAt. 

The fifth clEiss of diffioultias are those arising from Tari&tiane in the state of the noil caused by 
the effects of the weather. 

These difficulties have been principajly felt in wet weather, in moving tlie engine, and alM 
from the stickiness of some land when in a half-wet state, which is too often the oondition of the 
land whilst being cultivated. In such case* all the tackle would become literally covered with 
clay, and the power reqnired to move the rope and the machine would be very great. This diffi- 
culty should not indeed exist, as no land ought to be touched when in such a state : but clay land 
liBS hitherto been very ofton worked when wet, from want of snfBcient foroe to get all the work 
done before the- wet sets in, and also from the inability of horses to perform the work while the 
IbJhI is in a dry state. As an illustration may be taken a clav-land field ploughed by horses while 
very wet, after which, if the next year be dry, it will be literally impossible to work the eame 
grouDd with horaee until some rain oomes to soften it, as the horses' shoulders and the implement 
would not be able to stand stich jarring work. 

— ■ ■ » tKbva It TYrt Ata 



a the driest condition, 

1, it will never get into 

n-power, more power 

n if the land be so dry 



With steam-power, however, there is no difficulty in working the land u 
which is the proper time for such work ; and if this is strictly attended U 
an extremely nard state. Supposing the clay land is ploughed wet by st 
will be expended in pnlling the dirtv rope and the sinking plough than ei 

that the soil breaks up into large pieces of as much as 1 cwt. each, though the laUer could not be 
the case but fof the wet-kneading that the land received before by being ploughed wet by horses. 
If the farmer were only to keep his machine ofi' the land in wet weather, and work it night and day 
in dry weather, he would see the greet advantage that would accrue from working at the proper 
time. Id iact, the principle of the old maxim, " Make hay while the son shines," applies to culti- 
vation of the land as well as to the making of hay. 

Another system of steam cultivation, shown in Fig, 63, has been adopted to meet special cir- 
cumstances, by the use of two large engines, eaoh of which is supplied with a winding drum, 
instead c^the clip drum and endless rope employed with the light engines in the plftD last deseribed. 
The two large engines are placed at opposite ends of the field, the some as in Fig. 83 ; but they 
act altemstelr instead of in combination, one pulling the plough in one diraction, while the other 
moves forward into position for the return bout, and Diet versa. 




In Older to make the rope eoil in a regular manner npon the vinding drami of the engine^ ■ 
~~ ' of MlT-aoting ooiling gear u employed, wuoh is sboini in Figa. Si, B5. It oooatil 
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of a pair of guide rollers A A, betweoQ which the rope passes when coiling on or aS the laige 
winding drum B. These guide rollers are carried at the end of an arm G, which is centred at the 
other end ^ipon a bracket D carried loosely upon the centre spindle £, round which the drum 
revolves. The arm G has a stud fixed in it at F, working in a spiral groove G, formed on the 
lower part of the spur wheel H, which also turns looselv round the cenfaie spindle E. A second 
spur wheel I is carried close above the wheel H, and is fixed upon the upper end of a cylindrical 
casing carried up from the bracket D, and passing through the wheel H. A pinion J carried by a 
stud fixed in the winding drum B gears into both the wheels H and I, but the upper wheel I has 
one more tooth than the lower one li ; and consequently in each revolution of the winding drum 
the pinion J being also carried round with the drum causes the lower wheel H to be advanced one 
tooth, the upper wheel I being held stationary by the arm G, which is held at the outer end by the 
tight-stretched rope passing through the guiae rollers A. The epiral groove G is thus gradually 
turned round, and acting upon the stud F in the arm G, causes this arm with its guide rollers A to 
be gradually raised and lowered, thereby guiding the rope from top to bottom of the drum in 
regular coils whilst it is being wound on or off the drum. 

The purpose for which this system of working with two large engines was arranged was for 
travelling about and doing work by hire, so as to meet the requirements of those who have 
not sufficient land or capita] to purchase machinery for their own use. The plan has the 
advantage of requiring no fixing, and the machines are ready to start work the moment they get 
into tlie field ; and as soon as the implement stops, the ropes are in their places and the machines 
ready for removal. As fields of all shapes are met with, it is of importance that the 
machines should be of such a character that no loss of time should be occasioned by the manage- 
ment of the rope. 80 far as the working of these machines goes, it is entirely satisfactory, but the 
first drawback to the adoption of this plan is the price. Seoondlv, there is the difficulty of taking 
two large engines about ; and from the fact that a heavy break dbb to be put on the paying-out 
drum in order to keep the rope tight, considerable power is lost. But still the time saved in doing 
small irregular fields more than counterbalances those dlEHBdvantages. 

The traction part of the machinery having now been considered, the moat mechanical means 
of performing steam cultivation has to be referred to. 

The implements hitherto used for steam cultivation have been something similar to those 
employed with horse-power ; but recently a system has been arranged for throwing up the land in 
the roughest possible way, and leaving it in such a state as to expose the largest amount of surface 
to be acted on by the air, which is the only truly practical way of dealing with heavy land. The 
development of different classes of implements will always be going on, to meet different varieties 
of land, aod the various operations which will ultimatelv be required. It is proposed here only to 
refer to the best principle of loosening the land for the purposes of cultivation, looking at the 
question entirely from a mechanical point of view. 

Gultivation by rotary implements has been much advocated, and may appear at the first glance 
the right means of applying steam-power ; but when the nature of the substance to be dealt with 
is considered, this plan is mechanically wrong in the way of operating on the soil, from the fact 
that rotary implements must necessarily strike on the top of the hard land, thus absorbing a 
quantity of power in entering the hard substance. As an illustration of this, reference may be 
made to the method adopted in breaking up a macadamized road : the pick is used so as to lever 
the material upwards, and by entering it underneath the hard substance the latter is easily broken 
up. A rotary digger must however be used in the contrary way, or else it will be acting against 
the onward motion of the machine, thereby increasing the power required for traction. The 
difficulties that interfere with getting such a machine over the surface of the land have also to be 
considered, and the damage done to the land by the transit of such a heavy machine over the soil 
to be cultivated ; and these objections, with the serious error in the mode of applying the power, 
must prevent such a system from proving practically successful. 

The cultivation of the land consists merely in loosening a certain quantity of soil, and what has 
to be considered is how to loosen the greatest quantity with the smallest amount of power. In all 
the experiments tried by Fowler and Greig it has been found that this is never so economically 
done as by wedging the soil off to a loose side, and entering the wedge underneath, where the soil 
is softer. Much objection has been raised to the old mode of working with the plough ; but it is 
not the implement that is at fault in that case, but the power that is defective ; and by the aid of 
steam that implement can now be driven at such a pace as to throw the land sideways in a manner 
quite equal to the effect of any digging by hand. The great point requiring attention is that the 
tools should be so arranged that each follows its neighbour, taJting its own cut and wedging off 
the soil to a loose side. If this is done, the speed of 2^ miles per hour at which the implement is 
driven will throw the loosened material at least 2 feet clear from its previous position, and by the 
rapid motion it will be left in the state most desirable to the farmer, and in the best possible con- 
dition to receive the action of the atmosphere, and this will be effected with the least amount of 
power. Few implements embody this principle ; but without it there is a great loss of power, 
which is accounted for by the fact that a tyne or cutter, in making its way through the solid 
ground, always takes twice the power to draw it that would be required if it were taking its cut 
close to where another cut had been taken before. This is a point of great importance, and should 
never be lost sight of in the construction of implements for heavy work. In the implements for 
light operations it is by no means so necessary ; but still the principle holds good to a certain 
extent, and should be attended to as far as practicable. 

In order that steam cultivation may be Drought to the greatest perfection, it is of the utmost 
importance that the use of horses in cultivation should be altogether abandoned. For this purpose 
a number of implements are required, adapted to get over a lazge broEulth of land in a day, so as 
to do the very light operations of the farm and exclude horses entirely from such work, as their use 
inevitably increases the expense of after-operatums, besides being detrimental to the land. If the 
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honeB on a faim are done away with altogether, or as far as practicable, the cartage beoomes 
the next qnestion to be dealt with ; and before steam cnltiyation takes its proper place, the heayy 
part of the cartage must be done by the plooghing-engines. Considering, however, that to be good 
ploughing-engines they must be good traction-engines, there is nothing to stand in the way of 
cartage by steam-power bnt the want of good roads about the farm, which are an essential point in 
a highly cultivated farm, whether steam cultivation be employed or not. The experience lately 
gained m the use of the traction-engine is. that loads can be conveyed over moderately good roads 
at aa expense of 2d. a-ton the mile ; and tnere is therefore no doubt that the farm cartage can also 
be done economically. This operation will require some time to develop itself, as the vehicles for 
conveying the materials will have to be bought, and proper roads made in every direction through 
the farm, before steun cartage can be earned on conveniently ; but at present there can be no 
reason why all com would not be taken to market, and coals and so forth brought back, by steam- 
power. At the time this was written Fowler and Greig had no doubt that before ten years' time 
two-thirds of the cartage of the farm would be generally done by steam, and also that the railways 
would be fed by traction-engines, and that these would become quite common : although, through 
mistaken ideas, serious attempts had been made to stop their use on the public roads. This 
prediction is being carried out, for it has been proved that a 10-horse engine will convey a load of 
20 tons independent of itself over a road with gradients not^ exceeding 1 in 15; and the wear and 
tear is very slight indeed in properly constructed traction-engines. 

In order properly to understand the advantages of steam cultivation, it is necessary to draw a 
contrast between steam-power and horse-power as applied to cultivation. 

In the case of horses, the utmost available force which can possibly be brought to bear on an 
implement is 9 cwt., and this is obtained by employing six horses, or two more than can work 
profitably together on the land. The practical limit of draught is therefore 6 cwt., as horses 
cannot give off the same amount of draught in the fields as on hard roads. Hence with a team of 
four horses giving off 6 cwt. total draught on an implement which acts on a width of land of from 
10 to 12 inches, the utmost total power for an inch in width of the soil acted upon will be only 70 lbs. 
At the same time the resistance will be very much increased by the pressure of the horses' feet in 
doing the work. For if a horse be taken when the land is in a rather plastic state, and walked 
across the track of the steam-plough, and made to travel to and fro transversely on every 10 inches 
width until a breadth of 6 vards is trodden over, it is then found that if the steam cultivator has 
just sufficient steam to perform its work properly before it arrives at the ground so trodden down, 
it will be completely stopped before it gets through the 6 yards ; and considering the momentum 
of the fljrwheel, this experiment ^ows plainly that the power required is something very material, 
and experience diows one-third additional draught to be required on land that luis been trodden 
down to the same extent as in cultivation by horse-power. It is clear therefore that a considerable 
part of the 6 cwt. draught of the horses is expended in undoing the compression caused by their 
own weight ; and as the 4 tons' weight of the horses themselves must be lifted up and down all the 
inequalities of the ground, there is only a very small portion of the animal force left to be use- 
fully exerted upon the implement, and this only at the slow speed of 1} mile an hour, at which 
file horses travel. 

But with steam the case is very different : a draught of 35 cwt. is available upon the imple- 
ment, giving the farmer the means of employing a force of fnnn 70 lbs. to 280 lbs. to each inch in 
width of the soil moved. And considering that only a 1 J-ton load is passing over the land instead 
of 4 tons, much less force is emploved to move the same measurement of soil. 

The comparison therefore stands thus : — With horses there is a total force of 6 cwts., with the 
drawback of having to convey 4 tons of useless load over the land ; while with steam-power there 
is a total force of 85 cwt. conveying only 1| ton of useless load. The result of experience is, the 
less weight carried over the land the better ; and when the great weight of horses, compared with 
the force they exert, is considered, and also the number of footprints left bv them on an acre, it 
cannot but excite surprise that such an unmechanical means of cultivation should have existed so 
long. The number of footprints left by four horses in ploughing a 12-inch furrow is above 
900,000 per acre ; whereas the steam-plough, which has a width of from 3 to 4 feet, is carried on 
two wheels 6 inches in width. 

The facts that have been stated afford a ^;ood reason why horses should be kept off the ground 
altogether. If the necessary precautions m this respect are but strictly followed, a complete 
revolution in agriculture would soon be witnessed, as no mechanical means of pulverizing the 
land is required, and less than one-half the number of operations at present necessary would be 
found sufficient. 

Land, like metal in a furnace, requires the greatest attention in order to perform the different 
operations at the same time, when it is in the right state for their being effected thoroughly. The 
present system of management is entirely ini^eouate to effect this object, from the want of 
sufficient force at a given time. In some years there are barely two months suitable for all the 
oultivation of the season : that is, provided the greatest judgment is exercised, and the land never 
touched except when in the proper state for the purpose of cultivation. But with such manage- 
ment as is here recommended, the result will be always an adequate crop. 

The advantages of steam oultivation having now been described, and its gradual -development 
during the past few years having been traced, together with the various systems employed, it is pro- 
posed in conclusion to enumerate what may be considered as the principal points which are essenttai 
to the production of good steam-cultivating machinery, so far as regards its mechanical arrangements. 

First, a sufficiently powerful eneine with a wide bearing surface, and plenty of leverage to move 
itself out of difficult situations, and of simple construction in all its parts. 

Second, a hauling apparatus with a drum of large diameter, and so arranged as to bend the 
rope as seldom as possible and with the drum placed horizontally on a vertical axis, ao as to allow 
the rope to work in any direotion without requiring guide pulleys. 



82 AOBICULTORAL ENGINES. 

Third, a direct pull upon the implement, wltb u ehort ft length of tope aa potrible, and that of 
good quality, light, hud, lough, «id flexible. 

Fourth, ui arraDgement foi keeping the tope tight, so u to cut? it clear of the groand and 
SToid Ion by friction. 

Fifth, an implement in which the shares or lynee folio* each othet oonaecutively, wedging off 
the soil to a loose side. 

Lastlj, as amall an amonnt of """""' labanx as practicable. 

AGRICULTUBAL ENGINES. Fa., Maehinet a vapeur loccmoiiles appligy/ii It tagriaatiin ; 
Obr., Dampfmatckmea vtmmdtt lu hmdviirtkachaftticheK ZvtcKm ; Itil^ Macchint a vaport agrioolt ; 
SPAlf.,,ifo^i'nari<i agrfcola. 

The portable agricultnnl steam engine of Holmes and Sons, of Norwich, is shown in Fig. 86. 
The oomtniotion of this engine is simple ; the working parts being all ontmde, the whole can ha 




„ a be fixed 

_. .. « a governor, of simple form, haTiug few parts, which works with precisi<m. 

Every part of the engine is of great strength, wrought iron being used where practicable. The 
pialon-nxljvinB, and amall parts are made of steel. All the brass bearings are wide and easy to 
adjoet. The feed-pump is fitted so as to prevent any liability of accident in frosty weather, and in 
Baoh a manner tl^t it cannot easily get out of order. The MIer is of sufdcient capacity, and 
eapable of doing heavy work without priming. The cylinder is large, with 14~iDch etroko. 

The engine of Bansomea and Sims, Fig. 87, is specialty designed and constructed to economize 
fnel and to regulate its consumption acoording to the power required. It has a feed frater-Ziciiler, 
m reservoir placed in the tmoke-liax of the engine, in which the water ia heated by the cihanst 
steam and hot air paaaing from the fife-box to the chimney, A double feed-pump is in connection 
with this heater by means of pipea shown on the side of the engine. One pump draws the cold 
water from the supply tank and discharges it into the heater. The other is supplied with 
hot water from the hettter, and foicee it into the boiler. The ilide-caice is on the gridiron 
principle, and the preemre of the steam is removed from the back of the valve by means of 
metallic eqailibrium relief-iinn kept up to the faces of the ilide-ctue cover by means of spiral 
epriogs ; these valves are foond to be sa easily moved when the steam is on as when it is off. The 
cul-ojf, OF etpansion- valve, ia worked by a movable eccentric. The adjustment of this eccentric is 
vcn simple ; it is held in its place by a nut screwed to a bolt fixed to the fast eoc^ntrio, under 
whiob is placed a, pointer, which slides on a plate gradnated with the various grades of cipausion, 
and flied to the other eccentric, and the engine-driver has only to adjust the loose eccentric until 
the pointer reads the mark in the grade which corresponds with the point at wliich the steam is 
cut off in the stroke of the piston. The general couetruction of the engine is very strong. Tbe 
average consumption of fuel ia about 3 ' 5 lbs. of ordinary ooal an hour. 

ChiyUm, ShattletBOrth, and Co.'i Portable Steam Engine. — This engine. Pig. 88, In its oonstroctton 

£-esents a method of heating the eiteiior surfaces of the cylinder and iteam cluil. The cylinder 
plaoed in the amoke-boi surrounded by a jaciet forming an annular space, which, being filled 



n the interior of tha 




ooren can be removed, itnd the pialon and Blid«-vBive cle«ied or atlio"^ ^ expeditionaly h in 
HI outoide oylindei engitie. This engine U ilIm made to reverae. Bee Eiiamzs, Barietitt of. 

Worti appertaining to this subject : — ' . 

■ The ImplemeDts of Agrioultoie,' t '. .1 A. 1:. ■; ■..!■■ , I'-i:.. . ■» i _~fc 

'TheFuro Eagmeer, » TrsKtiBe on UnrJ, :M,i.'l.;i.. ,s: 1.-. I:, i;il.-I;|.-, rr.vnl i^n., ^ 

1849. 

' Agrumltonl BagtoeerlnK,' bv G. II. Asdrens, I2iiio, 1852-3. 

'On Steam CnltiTBtion,' ^ John Fowlei. jun. ProccedingB Inal. Mechanical 
Engineera, 1857. 

'TheBook of Farm Implements,' es. 

by James Slight and B. B. Bnm, 
nyal 8to, 1SS8. 

'The Official DlatrtrBted Cata- 
log of the Eiiiibition of 1662,' 
British Section. 2 vols., imperial 
8to, 1862. 

' On the AppUcatlui of Steam 
Power to AgiToultnrej' by John 
Fowler and D. Greig. Proceedings 
Inst. Hechanieal Ei^ineerB, 1865. 

' Steam Cultivation,' Engineer- 
ing vol. It., 18«7. 

' Ktudea hut I'Expodtion,' 1867. 
Lacroii, Paris, 1867-^. 

'On Steam Cultiration," by 
Baldwin Latham. Trensactious of 
the Society of Engineers, 1S6B. 

' Offldaller Aasstelliiiigv-Bericht 
hoBDa^egebeB dnrah aa« K.K. 
Oiterrncnische Central - Ccmit^.' 
Vienna, 1868. 

AICH'S HETAL. Fb., Miftal 
tFAicA; Gib., Aich'i MetatI; Itai.., 
L*ga <[Aich ; Brm.jlMal da Ateh. Bee Allots. 

AIB-BBICK. Ti., Brigvt emm ; Qmt., Soiiltiagtl ; Ital., OrotaMh tpinglio, dtUo ifiatotoio; 
SPAir., LadriOo perforado. 

An alr-briok ia a brick of the oidjnar; alze, made of earthenwan, built into the walls of a 
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building, but perforated, Fig. 89, to admit air under the floors or into the rooms. It is sometimes 
made of cast iron, witli a slide worked by a small knob, Fig. 90, to enable the openings to be closed 
if required. 

89. 90. 





9'. 



Air-Gbatino is similar to an air-brick, but of Uurger size and of less thickness in proportion to its 
other dimensions. It is used as in the case of the air-brick, to admit air to the interior of buildings. 
AIR-CUAMBEB. Fa., ChopinetU, trochee, reservoir dTair ; Geb., Windkesael, Windraum; Ital., 
'Scrbatoio <faria ; Span., Cdmara de aire. 

A cavity containing air to act as a spring for equalizing the flow of a liquid in pumps and other 
hydraulic machines. 

Fig. 91 is a section of a locomotive feed-pump ; the water is drawn in by tho action of the plunger 
in the barrel A, through the feed-pipe B, and valves E, which rest on their seats F, and held in place 
by the cages O ; the water entering the air-chamber D, in 
the top of which the air is compressed, foroing the ¥rater 
out of the delivery-pipe G beyona its middle position when 
the piston is at the end of its stroke. The feed-pumps 
of American locomotives are supplied with air-«hfimibers 
c/, (/. on the suction side, as well as D, D, for the delivery. 
This pump was invented by Waltcor McQueen, an 
American engineer. The elastic force of the cushions 
D, <f, of condensed air in the air-chambers, relieves the 
pipes, valves, and joints from sudden shocks; besides, 
the action ojf the air by its alternate compression and 
expansion secures a steady supply of water to the boiler. 
The barrel of the pump is genenJly of brass, the plunger, 
working in the pipe A, a solid bar of iron. The valves 
are of the cup form. Fig. 91. The rise of the valves is 
seldom more than ^th of an inch ; and sometimes, while 
the rise of the inlet-valve is restricted to }th of an inch, 
the delivery-valve rises only -^ in. and tiie cheek-valve 4. 
If a plunger P, Fig. 92, working in a pipe P A B, 
5} inches in diameter, forces the water ab g h^ 9 inches 
from a to <7, into a smaller pipe A/, in a second, the same 

quantity of water passes 

tnrough the smaller pipe in j^^_ 

the same time, but with an ^ ^^ 

increased velocity. A head 

of water H, giving the same 

pressure as the plunger P, 

would have the same effect. 

Let E F = 8 inches at the 

narrowest part of the small 

pipe, then the velocity of 
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the water at EF will be 30*25 inches a second, while 
at A B in the larger pipe the velocity is only 9 inches a 



second ; for 



(5-6)«_x 9 
8* 



= 80*25. Now let W be the 



weight of a colmnn of water which produces the pressuro 
P, which may be supposed constant, and put t for the time 

W W 
of its operation, long or short, and m = --- = s^tq * "whence 



m 




P * = m c, c being the velocity, therefore P = 7- «. This 

expression shows that the effort required to impart or 
destroy a quantity of motion m v is so much the greater as the time employed is less : and since the 
reciprocal action of bodies is more rapid compared to the spaces described, their compressions, flexures, 
and penetrations are less for the same quantity of motion destroyed. 

We have here explained why the shock of hard bodies, the transmission or destruction by bodies 
slightly flexible, compressible, or extensible, occasion such great efforts and such ruptures and acci- 
dents : and how it is, on the other hand, by the interposition of soft and compressible bodies, that 
the intensity of efforts and their consequences are so much diminished. We may see by the expres- 

m 
sion P = -T- V that a finite velocity could never impart in an infinitely small time to a mass m. except 

by an inflnito effort, which shows the error in the hjrpothesis of the instantaneous transmission of 
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nntkm Vr foraea, to which we an then oompelled to give B special name. Slid thni nippoee a ipeoUl 
nature in ealling them forca of wminton. This error is often too explicitly admitted ia the 
tcaohin^ of mtioiia) meohaiiioa. Nothing like an inHtantaneouB operation really oocura in natnie ; 
qmuitttiea of motion are imparted and destroyed in grater or lata periods of time, Bometimea, in- 
deed, impeneptiUe to oar MD>es and meana of obacrration, but never inatautaneoits, 

SuppoaetheforoeBcting;onthcplimgeTtabe4e'31bs. on the square inch, and that it is required 
to find the preamie BctJAg on a valve at « /, whichTalveopena-^ttiBof an iooh against the action of 

aipring; then wTa — 7= *"! wehavebefbTe shown that the velocity of the water in thesinaU 
pipeB/ = 30- 25 inches aM0OQd,= -^^ feet a second; whenoe the forae acting on each aqoareinehof 
the valve will bo— Ix— - 3025 ^ IMTlbe. 

2 7 13 

for the time the water in the imall pipe is moving over -^ u 

■pringat tf, or the preamre of the water and ste«a in a boiler, beoomes too great t( .. 

by the action of the plunger F, the air in the aiiMihamber D, Fig. 91, by being condented, con- 
aervatea the balanoe <H the force of the water paaiing througli the small pipe, and deliven mch 
amoentiated force when the plunger iojecta more water. C<a« ahnuld be taken in making tue of 
what a here termed the quantity of motion or mommtum, for when we know the prodact of the 
manm, of a body, and the velocity imparted to, or taken from it, we have the measure of effort pro- 
duced by the force during the period of action ; but we see that this meturoM cannot be taken as a 
term of compejiBon eicept for analogous caacB, where the velocities are really imparted or destroved 
by force; and it does not follow that the product P (, of the force, by its period of action (equal, when 
there is a change of motion, to the quantity of motion imparted or destroyed), should always serve 
as a measnre of the eObrt of forces, as ia sometimea admitted for certain inatroments and certain 
kinds of work. It ia often seen that an effort may continue a long time without producing a 
mechanical effect. Thus, horaea pulling upon a mired waggon, without starting it, develop consi- 
derable' elloria, which multiplied by the period of their action would give an eaormons product 
without any useful effort reaulting in any mechanical work, and nothing but fatigue and exhaostitn 
of the horaea. Take, for example, theiuaught of a plough, which in strong earth requires a mean 
total force of 794 lbs. Suppose the furrow to be 400 feet long, the horeee in one take 100", and in 
the other 200" to plough it We shall have in the first c^se, Ft ^ 794k 100"= 79,400; and in the 
aocrrad,Pt - 794 x 200'' = 15R.800 ; and yet in both cases they have accomjiliahed the nme work. 
An instrument gi^g the product of efforts by the times or periods of duration would by no means 

'"'' * ct appreciation of the mechanical effects produced. The true measure of these effects 

is tha woSnrt tvf tho effort eiertcd by the pa^ 

. described in its duration, Hhidi is usunlfj estimated 

II should be farther observed that it is only in the 
acting during a time (=1" 
ttiat wo can take the piodnct in ( for the mcnanre of tba 
cffortF; W being put for the weight, wo bavo — 
the proportJoi 

1 cttsps of variftblP efforts ths same mode of 
mcasuremeut does not apply for finite times, for foroen 
vnryiug according ia very different laws may in the 
\s time impart oquiil quantilios of motion to the 
le liody, or to ilifforent bodies. The formula P = m » 
will only give then the value of a mean constant eflbrt, 
capable of imparting i 
quantity of motion- 
Fig. 93 reprniieatB a fimple form of the scIf-ACtlnK 
y;™, invented by Mootgolfler. This illuctrntion u 

merely drawn for the purpose of niplau ' " 

tino of the air in the air-oha ruber. ■^" 



lead to an ej 




llieopera- 



which are attached, as shown in the figure. At the extreme tmd of B, the orifice is opened and 
cloepd by a valve E. This valve opens downwards, and may be either a spherical one or a 
commM spindle valve, as shown in the Bgure. It is the play of this valve that renders the 
machine self-acting. To accomplish this, the valve is made ot, or loaded with, such a weight as 
jnst la open when the water B is at rest, Uiat is, it mnst be so heav7 as to overcome the preanm 
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against its trnder-sido when closed, as represented in Fig. 93. Now supposing this valre open, 
the water flowing through B soon acquires an additional force that canries np the valve against its 
seat; then a portion ok' the water will enter the air-chamber D and rise in F, the vidve of the 
air-chamber preventing its return. When this has taken place, tlie water in B has been brought 
to rest, and as in t^'at state its pressure is not quite sufficient to sustain the weight of the valve, 
E opens, descend . the water in B is again put in motion,, when its whole pressure begins to act, 
and again closes u;, as before, when another portion is driven into the air-vessel D, and pipe F ; 
and thus the operation is continued, as long as the spring affords a sufficient supply and the 
apparatus remains in order. The pressure which closes the valve E is that due to the short range 
of the valve and the increased velocity acquired by the water in passing from a large to a smaller 
pipe. The surface of. the water in the spring or source should always be kept at the same 
elevation, so that its pressure against the valve E may always be uniform, otherwise the weight of 
E would have to be altered as the surface of the spring rose and fell. 

This ingenious machine may be adapted to numerous localities in every country ; but when 
the perpendicular fall from the source to the valve E is but a few feet, and the water is required 
to be raised to a considerable height through F, then the Ungth of the ram or pipe B must be 
increased, and to such an extent that the water in it is not forced back into the roring when E 
doses, which will always be the case if B is not of sufficient length. If a ram of large dimen- 
sions, and made like Fig. 93, be used to raise water to a great elevation, it would be subject to 
an inconvenience that would soon destroy the beneficial effect of the air-chamber D. For if air be 
subjected to great pressure in contact with water, it in time becomes 
incorporated with or absorbed by the latter. This sometimes occurs 
in water-rams like this, for when used they are incessantly at work 
both day and night. To remedy this, Montgolfier ingenionslv 
adapted a very small valve, opening inwards to the pipe beneath 
the air-chamber, and which was opened and shut by the ordinary 
action of the machine. Thus, when the flow of the water through 
B is suddenly stopped by the valve E, a partial vacuum is product 
immediately below the air-chamber D by the recoil of tlie water, at 
which instant the small valve opens, and a portion of air enters and 
supplies that which the water absorbs. Sometimes this Snifting- 
valve, as it has been named, is adapted to another chamber imme- 
diately below that which forms the air-chamber, as at G. In small 
rams a sufficient supply of* air is found to enter at the valve E. 
The compressed air in D not only oonservates the work expended in 
raising the water to H, but also the work required to overcome the 
friction of the water in the pipe F H ; and consequently the air in 
the air-chamber has the power to dose the valve K when the water 
at H begins to return. 

P. H. Yander Weyde has invented a second air-chamber, Fig. 94, 
to be attached to the induction-pipe, which has a small opening by 
which air is admitted from without. By the operation of the 
pumps, air is gradually withdrawn from this chamber and conducted 
to the principal air-chamber attached to the delivenr-pipe. 

H and F are aiivchambers, P and N valves, and K and G stop- 
cocks, all arranged so as to supply the constant loss of air taking 
place in air-diambers. See Htdbauucb. Pumps. 

AIB-DRAIN. Fb., Conduit d*air; Gkb., Luftkanal; Ital., Condotto d^aria ; Span., Alcantarilla 
para la conduccwn de aire. 

A cavity in the external walls of a building, to prevent dampness, is called an air-drain. 

AlB-£hrGIKB. HSATED-AIB EnGINB. 

AIR-ENGINE. Fb., Machine h w. 

air chaud; Geb., AimosphSriache Ma^ 
schine ; Ital., Macchina ad aria calda ; 
Span., Mdqutna de aire. 

The engine, Figs. 95, 96, 97, 98, 
invented by Philander Shaw, works 
with heated air in a close combustion 
chamber, where it comes in direct con- 
tact with the fuel, and is mixed with 
the gaseous products of combustion. 
The air and gases pass through the 
engine, and effect ite movement, part 
of the power being made use of to 
pump fr»Bh cold air into the com- 
bustion chamber. There is no special 
air-pump provided for this puipose, aa 
the cylinder is made single-acting, and 
the piston has a large trunk which 
forms an annular space in the cylinder, 
and the latter is nuuie use of to act as 

the air-pump. This arrangement has the advantage of keeping the cylinder cool, since part of its 
surface is always in contact with cold air. ' There are two cylinders having their pistons connected 
together by a beam, so aa to form conjointly a double-acting engine, each single-acting cylinder 
acting daring the return stroke of the other. The two cylinders A, A, Fig. 97, and their arrange- 





left for the cicciuatioD of ai 



bricki, all round between which a 

taken up the heat from the inner row oi 

briolcB, and prevents the onter row bl- 
ooming very hot and wasting beat bj 

nuItatioD. The piston B, Fig. 96, 

eairies Uie trunk B'. which leaves the 

umnUr spece D to act aa an aii-pump, 

the valves E and F regulating the 

inlet of the cold aii in the down-stroke, 

and its outlet into the combustion 

chamber duiiug the up-stroke. There 

is a rogenemtoT or oir-hiAter interposed 

between the air-pump and the com- 

biution chamber ; thii is shown at K, 

Fig. 9S ; it consists of a series of ver- 

tiixl pipes, through whieh the eihaust 

air (nan the engine passes up a chim- 
ney. The wasto heat of Uiis air is 

utilized in the regenerator by being 

partly taken up by the cold air passiog 

outside the tubes and arriTtng at the 

combustion chamber at a higher tem- 
perature. The flre-door is at the 

top of the chamber, which ia provided 
with a dome a, Fig. 96. The grate ie 

slightly inclined towards the aah-door 

/. All these doors are carefully closed 
during the working of the engine, as 
the pressure within would be reduced 
by leakage. The valves are worked 
by cams and levers, and no special 
arrangement* are required, in working 
thi* engine, to keep the cylinder cool. 
By another arrajigement, which we 
illustrate in the annexed engravings, . . 
Figs. 99, 100, 101, the upper end of \ ' 
the cylijider a, Fig». 99, 100, is made \ 
of guoh capjcity that when the piston \ 
A reaches the top of the stroke at c, a 
space d ma; be left, in which the por- 
tion of air not required may be com- 
pressed, and, oonaeqaently, will not 
enter the fitmace, and, by its subse- 
quent expansion, will assist the down- 
stroke of the piston. This space may 
be formed botweea the piuton and 
cylinder lid, or the air may bo com- 

Ercssed in a side passage or reservoir. 
1 these engines Wenham prefers 
carrying the ciank shaft e, in bearings 
boiled to the top of the flange of the 
cylinder, and working the crank by 
a return connecting rod /, with the 
guides g, from ttie piston-roda above, 
similar in form to that known as a 
steeple tngiiu ; in other respecta, aa in 
ths furnace and valve arrangements, 
the parts are aubstanlially the same 
as in most hotair enginus. constructed 
by others aa well aa wenbam. In tha 
enigne, Figs. 99, 100. however^ Wen- 
ham places a disc of flre-cl^ abova 

the fomace, as shown at h. Fig. 99 ; 
this is supported on the rim of the fire-pan, and has a central bole, equal in diameter to the bore 
of the fuel hopper /, whieh touohee the disc, and the bottom ed^e la thus protocted from the direct 
heat of the fire. Around the disc are a seriea of perforstiena, J, shown in plan, Fig. 101, lending 
to the annular space of the etove; a jet of pure flame riaca through each of tnoso at ever; stroke of 
the engiae, and at the same time the fire is prevented from riaing above its proper level. 

AIR-ESCAPE. Fr., Appareil poor r/cliappenimt de Vair; Gla., Vairichtwig luni entaticKm 
der I.uft; IxAL., SfialaMoi Span., Venfmrfor. 

An air-escape is a contrivance For letting off the ait froni water-pipes. It ooosists of a hollow 
ball F, Pig. 102, attached to the upper pert of the pipe, in which a balI-«ock C is placed, adjiuted 
in such a way that when any air colIecU in the pipe* A and K, it will ascend in the vcMel, wd, by 





dlaplftotqe the water, ostiw ttie ball to descend, and thus open the oock B, and allow the air to 
escape. Mo water, howeTer, can follow it, for when the fluid rtgea to a certain height the ball riaei 
to D, and Bhnta the cock. 

AlK-GUN. Fb., f^il a vent ; Gkb^ WiadhSchse ; IrAi.., Schioppo ad aria ; SrAN., Fufil dc eimio. 

An air-^nn ia an InBtrulueut reaembling a muaket, made to diachargB projoctiled b; the force of 
compreMedair. 

AIB-HOLEB. Fb., S™ffur« ; Gee., Zu/ttftuc ,- Ital., Solh (Taria ; PpAM., Ttfspirfidri-ni. 

Holes or cavities ia a caating, produced hj bubblea of air in the liq^uid metal, aie tentiod air- 

AIR-PIPES. Vlt..Ventitatntn,Cimdaitoacarrtaithair, Gm.. LaftrShrea , It 1,1... TiibideU'aria; 
l\ibi da VetUilatione ; Sl-AN., Ventilndorcs. 

Alr^pee are pipee naod to dntw foul air from a ahtp's hold, mineB, and other oloae placea 
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AIB-PCHP. FB^Pompea<iir,machiiitpnmmatiqiit; Qka^ Luftpmnpt ; Ital^ TroaAa, Maedima 
pmeamatica , Span,, BaaJM di aire. 

Any pntnp at machiuo emplojed to oiluiut the air from a oloeed venel is termed ta ait 

In the BJr-pump deatgned bj B. B. Ritchie, FiK. 103, the lower valve is conical, hold L 
b; « triangular stian fitting the tube ; it is raised by the valve-roit passing up through a 
box in the piaton. An enlarged seetion, Fig. 104, BhawB the manni>r in vhich the »f~' 
imde which allowa a motion of the rod aidewiae, so that any alight change of form 
cf the packing of the piston, or stuffing of the rod, c&nnot prevent the ralve from 
abutting pn^rty. The cone of the valve is ground to a perfect fit to ita seat, but 
the valve la also famished with a diso of oiled silk, which projects Just beynnd its 
OQter edge, and tcmchea the flat sorface of the valve-Beet ; the valve-rod extends 
np, and its upper end ia secured in a hole drilled ia the npper plate, of depth 
sufficient to allow motion vertically to open the valve. The piston is of thick 
brass, made in two parts; the upper piece has a hole drilled larger than the 
piston-iod, the lower part of a oonioal form, ground to fit a cone on the piatoii-rod ; 
thU fDims the piston-valve. The lower piece of the piston oovers the end of the 
piston-rod, but allows it enongh motion to open the valve ; a series of small holes 
throDKh the platp givea a free passage for the air to the valve. A third valve Is f 
placed outside the cylinder, made of oiled silk in the osunl way. In the upper B 
plate of the oylinder is Inserted a steel lever, one end of which covers the valve- 
tud , the other end, when the lower valve is dosed, is flush with the plate, but 
when the valve is raised it projects into the cylinder. 

In action the first motion, upward, of the piston-rod oloaea the piston-valve ; 
the first motion of the piston openn the lower valve ; as the piston ascends, the air < 
above it is forced out Uiraugh tht upper valve, and air from the receiver flows | 
tmobstriictedly into the cylinder The piston strikes the tail of the lever, and at 
the instant or arriving at the top oloses the lower valve. The fiist dovrnward 
motion of the pision-rcd opens the piattm-valve , tbeair remaining in the interstices 
above the piston distributee itself equally throughout the cylinder, but none can 
pass the lower valve back into the receiver. When the ^ton again reaobes the bottom nf the 
cylinder, the tntentioes below are filled with air as tarred as a ptunp with ordinary valves am 
ekhauet. 

The air-pnmp of Bobert Gill, Fig. 105, ooasiits of a cylinder o, to the lower flange of which the 
bell-montbcd vessel b, projecting upwards into the oylinder, is secured. Between the outer side of 
the veMel and the inner side of the cylinder, the tabular bell-shaped 
piston c is situated. The hollow pliitoti-rod d is screwed into the '** 

upper part of the piston, and the leather flap-valve e is held firmly 
between these two parts by the gripping action of the screw. The 
lower part of the piston-rod d is tubular, and a small leathei^packed 
piston/ is fitted to the rod, carrying at its loner end the valve h. A 
part of the rod above the valve A is encircled by a helical spring. 
The apper cover of the cylinder is provided with an air-escape valve ■', 
which uimmersedinareMrvi^of oil toeosuieits tightneM,and the 
*liextiactedb(»t the receiver esoapealtuongb the small bole 0. *"- 




oqp and tnbe k are used for stroplyiog the liqnid to the oylinder. 
To prepare the appoiatns fir work, the np^ cover of the oylii 
is tsken oft, and the oook I opened. The fluid ia then poured down 



the lube 4 into the cylinder until the piston is completely oovered. the 
cover being replaced and the cook shut, the apparatus is then ready 
for action. On moving the piston upwards, the valve h would, if free, 
be also drawn up by the friction of the small piston / in the tubular 
piston-rod. The spring tn, however, is of greater length than the 
distance between the under side of the piston c and the valve h when 
the piston is at its lowest position, consequently the spring m is com- 
pressed until the piston c is raised through a aiatanc« corresponding 
to the length of the spring. Being in this state, the elasticity of the 
E[aing oreroomee the tendency to raise the valve A, prodnoed by the 
motioQ of the small piston / , the valve h ia tberefbrs maintained 
close against its seat until the ela 
in other words, until the piston c 




close agi^nst its seat until the elnsticitv of the stning 0( 

in other words, until the piston c is elevated through » distance eqtial to the spring k ^ ^ ._ 

arriving at wbtcb point the valve h l>egius to rise. The forgoing arrangement of the sprin{j and 



length, o 
ipring 
rise, the apparatus l> 



valve is neceesar; for Uie following rcnsnn — If the val' 

chafed with oil, tome of it wnnld flow through the valve opening, ami ouuji mo mur icouu-r » 
the receiver, into which it might pass. As the piston, however, is raised higher, its tuliular wrt 
being gradoally emerged fYom the annular space in tho lower parts of the cylinder, the levc-loi^tlie 
oil under the piston ia lowered, the apace for holding the liquid being gradually enlarged, so tliat 
the valve is left uncovered by it The apparatos is shown in the figure in the position of inaction 
of the spring, and with the valve open. 

Before raising the piston the space below it is completely fnll of oil, and the joints through 
whiob air might inlrade are all covered with this liquid; consequently, (he space left ny 
the motion nf the piston must remain perfectly empty, at least as regards air. The vsouons stnoe 
below the piston being now in commnnicatioD with tbe receiver through the tube N, becomes filled 
with Mr more or less rarefied ; at the some time tbe air contained in the upper part of tbe cyl iuder 
being mnipieeeod by the ascent of the piston, laiees the valve i, and escapee into the stmoejihere 
thnogfa Uie apertnn «. As tbe premte above tbe piston ia groiter than that below it, a small 
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leakage of oil takes place downwards through tiie intentioe round ihe little piston-rod, and 
dropping upon the shield attached to the yalve A, falls into the annular spaoe, and thero accumu- 
lates during the ascent of the piston. The interstice for leakage allows only a small quantity of 
oil to pass, otherwise the yalve A might be ovei^owed beforo the piston begins to descend, and con- 
sequently beforo the valye was cl^ed. It will be seen that in every part of the piston's motion 
its lower edge is immezsed in the oil, which prevents any lodgment of au between it and the sides 
of the cylinder. 

At the commencement of the downward motion of the piston, the valve h is closed immediately 
by its piston /, and the valve t is closed by its own weight and the atmospheric pressure ; the space 
below the piston becomes smaller and smaller as the piston descends; at the beginning of 
the upward stroke all the space below the piston was full of oil, and during the upstroke more oil 
has passed down into the annular space ;^ the consequence is, that when the piston reaches the 
bottom of its stroke, the space below being completely full, it is evident that the air extracted 
from the receiver must be completely expelled through the apertures e e, together with that small 
quantity of oil which passed downwards through the interstice around the rod, during the ascent 
of the piston. The space below the piston is thus infinitesimally reduced, and consequently the 
air is completely expelled, however rarefied it may have been on entering from the receiver. 

The most peifect air-pump is that invented by Hermann SprengeL Fig. 106, which consists of a 
glass tube c d, longer than a barometer, open at both ends, and in wxiich meroury is allowed to fidl 
down, supplied by the funnel A, witii which the tube is connected at c. The lower end d, of this 
tube dips into a small glass bulb B, into which it is fixed bv means of a cork. This glass bulb has 
a spout at its side, situated a few millimetres higher than the lower end of the tube c d. The first 
portions of merouzy whidi run down will consequently oloae the tube, and form a safeguazd 

lOY. 




loe. 






agamst the air which might enter from below, if the eonilibrimn should be distmbed. The upper 
part of c d branches off at x into a lateral tube, to which the receiver B is affixed. As soon as the 
stop-cock at is opened, and the mercury allowed to run down, the exhaustion begins, and 
the whole length of the tube^ from x to d, is seen to be filled wiUi cylinders of mercury and air. 
having a downward motion. Air and meroury escape through Uie spout of tiie bulb B, which is 
above t)ie b^sii^ H, ifksf9 ^ msfom (9 pollected, ThiM |ia9 to be poured back from time to tiiqe 
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into the funnel A, to pafis thiongh the tube again and again, until the exhanfitfon is oompleted, 
Ab the exhaustion is progressing, it will be noticed that the enclosed aii between the mercnrj 
cylinders becomes leas and less, until the lower part of c d presents the aspect of a continuous 
column ot merourj, about 30 inches high. Towaras this stage of the operation a considerable noise 
begins to be heard, similar to that of a shaken water-hammer, and common to all liquids shaken 
in a vaouimi. The operation may be considered completed when the column of mercury does not 
enclose any air, and when a drop of mercury falls upon the top of this column without enclosing 
the slight^ air-bubble. The height of this column now corresponds exactly with the height of the 
column of meroury in the barometer ; or, what is the same, it represents a barometer, whose 
ToriceUian vacuum is the receiver B. 

The pump, Figs. 107, 108, of the pumping enjgine at Hartford, 17.S., is noticed here on account of the 
2>eeuliar action and arrangement of its Talves and pistons. The engine is a double-acting condensing 
crank and beam engine, with a single cylinder 82'S75 indhes diameter, five feet stroke, with an ad- 
justable cut-off. The injection water is taken from the well. There is a heavy fly-wheel of 22 
feet diameter on the crank-shafL and power is communicated by a pinion of twenty-seven teeth on 
the end of the shaft, gearing mto a spur-wheel on either side, of eighty teeth, and on each 
spur-wheel shaft are two cams, each giving motion to a set of pumps by means of bell-cranks. 
£aoh set of pumps consists of two pistons or boxes in one chamber or cylinder, one above the other, 
see Figs. 107, 108 ; the piston-rod of the upper one being a tube, and the piston-rod of the lower 
box passing through 11 the valves aro butterfly-valves hinged in the middle ; and each piston com- 
mences its stroke slowly, and increasing in a short space to its uniform velocity, and at the end 
decreasing for like distance till it stops. Thus while the lower box is rising, the upper is de- 
scending, the water pessiag up through the valves of the upper box ; but just before the lower box 
has completed its up-stroke, the upner box has completed its down-stroke, and commences to rise, 
the lower decreasing in velocity and the upper increasing : and, vice verad, during the rise of the 
upper box the lower one descends, and commences to rise in time to relieve the upper box at the 
end of its stroke. Thus the stroke of one box laps on to that of the other, and the absolute move* 
ment or stroke of 17' 875 inches of each box may be considered 16* 125 incnes effective. 

AIB-8HAFT. Pb., Pmts (Taarage, Buse cTa^rage ; Geb., LuftschacM, Wettenchacht ; Itau, 
Po9zo di xnina ; Span., Pozo ds ventilacion. 

An air-shaft is a passage for air into a mine, nsnally opened in a perpendicular direction, and 
meetmff the adits to cause a free ciroulation of ftesh air through the mme. 

Alfi-fiTOYE. Fb., Cahnf^ h airchaud; Oeb., Of en gum heitzm mii warmer Luft; Ital., 
Cdtorifero Span., Cahrffero de aire oaiiente. 

An air-stove is an enclosed flre-plaoe so constmoted as to admit a stream of air to pass round it 
or through it, and this impinging upon a heated surface is rarefied, carried upwuxis, and warms the 
apartment. See Vxntilatinq and Wabuino. 

AIB-TBAP. Fb., Arrangement pour pr^venir Pair impttr dea €g<mts et des rigoles de se dispereer 
done lee hdtimenis ; Gbb., Eine Vorrichtung zum zunickhalten von fatder Luft in Cloaien ; Ital., Valv^ 
ad aria ; Span., Aparato para impedir el eaoape de aire impuro de sumideroe. 

An air-trap is a trap immersed in various ways in water, to prevent foul air rising from sewers 
or drains. 

AIE-VALVB. Fb., Soupape a air ; Gbb., Luftventil, Luftkhppe ; Ital., Vaivola di aicurezza per 
a vuoto ; Span., Vdlvula de aire. 

An air-valve is a safety-valve fixed at the top of a steam-boiler, and opening inwards to prevent 
rupture from the pressure of the atmosphere upon the sides of the boiler, should a vacuum occur 
within from the steam becoming condensed, or partially so. 

AIR-WAY. Fb., Passage pour Pair ; Gkb«, Lufboeg ; Ital., Corso deWaria ; Span., Oonducto deaire. 
A tubular passage for air flowing in pipes is termed an air-way. 

AJUTAGE. Fb., Ajutage, Ajutoir ; Geb., Aufsatz (fiir Springbrunnen) i Ital., Tubo (faggiunta i 
Span., Tubo para regularizar la salida de aqtta, 

A tube through which water is discharged is called an ajutage , as the ajutage of a fountain. 

ALGEBRAIC SIGNS. Fb., Signes alg^briques; Geb., Algebraische Zeiohen; Ital., Segni 
tdgebraiei; Span., Signos AJgebrdicoa, 

The sign +i termed p/us, or more, is, like each of the other algebraic signs, a mere conventional 
mark; it indicates addition; thus, 18 + 19 = 87, that is, 18 added to 19 equal 87. 

= being the sign put for, equal to ; equal ; or equals, a -f 6 = c, or, in words, a added to 6 makes 
ft sum equal to c. 

or 

X also stands for times and into, as, axb = ab. Multiplication is also often indicated by 
placing a dot between the factors, or by writing the latter, when not numerals, one after another, 
without any sign ; aa^ a x 6 x ex ds=a'b'c'd = abed; 1x2x8x4 = 24 = 1 2 8*4. 

a + a + a + a+a = 5 times a, written 5 a, must not be confounded with a xaxaxax a = a 
in the fifth power, written a*. If a = 2, then in the first case 5 a = 10 ; and in the second a^ = 82. 

— Minus, less ; which indicates subtraction ; as, 7 — 8 = 4 ; that is, 7 less or diminished by 3 is 
equal to 4 : if p be put for 7, q for 3. and r for 4, then p — o = r. 

-h or : stands for divided by ; as, x -)- y ; that is, x dividea by y. Now, to take a particular case, if 
X = 24, and y = 8, then x-)-y = 24-«-8=:8. However, division is more generally indicated by 

writing the divisor under the dividend, with a line between them ; as, — ; that is, » divided by y. 

X 20 ^ 

Supposing X to be put for 20, and y for 3, then - = -^ = 61. 
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Small figures, !« 2, 3, 4. &o., termed indices, are placed above and at the right hand of quantities 
to denote that they are to be raided to powers whose degree is indicated by the figure , as, a or a^, 
that is, the first power of a ; a^, the square or second power of a i a^, the cube or third powerof a . 
<r*, the fourth power of a ; and the like. i* = 4x4x4 = 64. Small fignrea, in indicating powers, 
are often preceded by the negative sign ( — ), and thus show or indicate the reciprocal of the corres- 
ponding power , as, <r-\ a-', or"*, «-*, &c., are respectively equivalent to — i» ~,» -^» —^y &c. 

^, or ^ Sgnifies root ; — in dicati ng, when used without a figure placed above it, the square root ; 
as, V^ = 3; V^Sd =17: Vl6a> = 4a; and so on. This symbol is called the radical sign. 
To denote any other than the sauare root, a figure (called the tnd&r), expressing the degree of the 
required root, is placed above the sign ; as, i^a, /^ a^y a^^i^; that is, the cube root, fourth root, 
ninth root, &o., of a. ^~is merely a modification of the letter r, which was used as an abbreviation 
of the Liatin word radix, root. The root of a quantity is also denoted by a fractional index at the 
right-hand side of the quantity and above it, the denominator of the index expressing the degree of 

the root ; as, a^, a^, ai , that is, the square, cube, and fifth roots of a, respectively. 

Vinculum, | These signs indicate that the quantities to which they are 

( ) Parenthesis, \ appended, or which are enclosed by them, are to be taken 

[ ], or { } , Brackets, ) together; as, 3(8 + 11) = 57; that is, 8 is first added to 11, 

and then the parenthesis shows that the sum 19 has to be multiped by 8. 8 (8 x 2 ~ 11) = 15 ; 

that is, from twice 8 take 11, and multiply the remainder by 8. But 8 (8 x 2)— 11_= 87, must not 

betaken for 3 (8 x 2 - 11). If a=2 and 6 = 8, then, (a + 6)» = (2+ 8)« = 25 = a -h"62. 

a X [5-H a«(85 - c^"] = 2[3+ 4(9 -4)] = 46. 
aV {(« + «») + «* [36-a>lj =2i^((2.».3) + 4[9-4]} =10. 
This last expression must not be confounded with tne form 

a V{(a + 6 + a«)[86-a»]} =2^(9x5} = 6 ^"5"= 13 4164078. 

Is to, or the ratio of, is expressed by two dots, one [>laoea over the other , as , (:) between a and 

'6, (a : 6), signifies a is to 6, or the ratio of a to 6. : : signifies as, or equals. This arrangement of 

dots is employed to indicate proportion ; as, a : 6 : : c ; d ; that is,aisto6ascistocf;or, the ratio of 

a to 6 equals the ratio of c to d. In numbers, for example, if a=7, 6=3^ c = 35, tiien d=15 , for 

a c 
7:3::35:l5;a8,ax(l=:&xc;or^ = -j* 

9sr To understand the proper application of the symbols + ; - ; x ; -s- ; V J V i ( ); 
and : : : : ; is of much importance to the practical mechanic and engineer, especially if he has 
n^leoted the study of mathematics ; for anv person who imderstands conunon arithmetic, and how 
these symbols are applied, may determine me numerical value of any general formula in particular 
oases. 

For example, the slip (n) of screw propellers, or paddle-wheels, is given by the formula 

in which g = the area of resistance, and d = the acting area. Now, if « bo required when <7 = 49 
square feet and d — 225 square feet, we have 

„ ^ ^'^* ^^^7649 843 _ 843 _ 

" V49^-h V225^ "" VTi7649 + V 11390625 " 343 + 3375 ^ 3718 " '^^'^' 

To illustrate this method of substituting numbers for their representative letters in established 
formulsB, we select the following problems, respecting the crank axid fiy-wheel, from Byrne's 'Essen- 
tial Elements of Practical Mechimics.^ 

Problem,— To find the position of the crank corresponding to its maximum and minimum 
velocity in a single-acting engine : — Let O B and O D be the required positions on the crank, and 
let P represent the constant pressure of the connecting-rod, supposed 
to act in a vertical line. Put Q = the constant resistance, acting at 
1 foot from the axis of the fiy-wheel, equivalent to the work of the 
engine. 

The motion will be accelerated from B to D. This acceleration 
will commence when the moving pressure is eaual to the resisting 
pressure, and it will cease under the same condition. The former 
will correspond to the position of minimum,, the latter to that of 
maximum velocity. Hence, at these two points the moment of P 
must be equal to the moment of Q, and the point D will be as much 
below the norizontal lino A O as the point B is above it 

/. PxCO = Qxl. 

Again, by the equality of work, putting 

Units of work by P in 1 revolution = 2 r P. 

Q „ =Qx 2x31416. 

.-. 2rP = Q X 2x 3 1416. 

Dividing equation [1] by equation [2], 

(Jo 



109. 



[1] 



[2] 



3 1416 - ^^^^ 




From the table of natimd sines '31831 = cosine of 7P 27'; for 



CO 



is the cosine of the 



angle BOG. 



ALOEBBAIO SIGNS. 43 

iVo6fem.— To find the dimetiBions of the fly-wheel, such that its aneular velocity may at no 
point differ from the mean velocity beyond a certain limit :— Let d and p be the maximum and 
minimam velocities of the wheel at the distance of 1 foot from the axis, W the weight of the 
wheel, and k the distance of the centre of gyration from the axis. 

Work of P from B to D = P x BD = P x 2r x sin 71° 27' = 2rP x -948. 

Work of the constant preasore Q from D to B = xg^o =2 r P x '8968, by 

putting for Q X 2 X 3' 1416 its value 2 r P, found in the last problem. 

Now the difference of these will give the work that goeb to increase the speed of the wheel 

Between the points B and D, that is, work going into the wheel between B and D = 

2rP X -948 - 2rP x*8968 = rP x 1*1022. 

d' ffl W 
Accumulated work at B = —^ — • 

d>A* W 
Accumulated work at D = — o^ — . 

Hence the accumulated work gained from B to D = - (d* — |^, but this must be equal to 
the work before found ; 

.-. -2y-(<''-i^ = »'Px 11022 [3] 

Let Y be the mean velocity of the wheel at one foot from the axis, and let the extreme 
velocities d and p differ from this mean velocity by the nth part : then 

V V 

.-. ^P-l^'^i^ [4] 

Let N be the number of double strokes performed a minute, then 

„ 2x81416xN ,^^^„ „ 

V = g^ = '10472 xN; [5] 

Let U bo the work of the engine, then 

U = 2rPN ;. rP = ^ [6] 

Substituting the values given in the equation [4], [51 [6], in equation [3], 

and reducing, 2g s= 82( 

w *>^ 82^ X 1 10 22 
^= *«N» ^ 4x(10472)« 

.'. W=p^x 808-2 [7] 

which ia the expreesion for the weight of the fly-wheel in pounds. 

If H. be put for the horse-power of the engine, then U = 88000 H ; substituting this in 
equation [7], and reducing to tons, 

W= ^3X11907 [8] 

which Ib the expression in units of tons. Let K = the mean radius of the fly-wheel, «= depth 
of the rim, tlien from a well-known property of the centre of gyration 

substituting this in equation [8], then 

n_H 

Neglecting -r- as being comparatively small, then 

W=^x 11907. [9] 

It may be observed that the weight of the wheel varies inversely as the cube of the number of 

strokes performed by the engine per minute. 

If a = the area of the section of the rim in square feet, and 450 lbs. be taken as the weight of a 

450 
cubic foot of the metal, then W = 2 ^ B a 0045 tons nearly. Substituting in equation [9], and 

solving the resulting equation for R, 



Vf==~ ^-z- X 11907. 



/"•L? ^^^ * 2240 \ 1 
then B = Vn> a ^ rx3 • 1416 x 450/ 

• • NV -T "^ 



a 

which is an expression for the mean radius of a cast-iron fly-wheel of a single-acting engine, when 
there are given the number of strokes of the piston, the horse-power, the area of the mean section 
of the rim, and the proportional variation from a mean velocity. Proceeding in the same way, for 
the double-acting engine, cosine B O A = 2 x *31831, 

,„ 12 /nH\x 
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In the fly-wheel B A W, Fig. 110, OA = B: GB=r, the outer and inner radiiu of the ring. 
"Ws weight of the ring in pounds; to the weight of the anna, ^^ 

breadth of each, D £=6. If y be the oentre of gyration of the 
ring and arms, then, putting y^Cy, 



y y 



6W(R»Xr*)+tc(4r*x6«) 




12 (W+w) 
In practice, the oentre of gyration, including the ring and 
arms, may be assumed at y = r the length of the inner radius 
from the centre, C. Putting a for the angular velocity or 
number of revolutions a minute, at the end of the time t in 
which the fly-wheel would oonoentrate the same power as the 
steam engine, t may be taken = 128 seconds; but when the 
work is irregular, t may be taken as high as 170 seconds. 
Taking these avexage quantities, the weight of a fly-wheel for 
a given horse-power H will be 

Weight = m>l2iii?)!ii2?il. 

Qti^s^um.— Bequired the weight of a fly-wheel when the engine is of 56 horse-power; the inner 
radius of the ring == 10 feet makmg 42 revolutions a minute ? 

Weight = l^l^J*i?^,2i^ = 5409 lbs. nearly. 

We append other algebraic symbols, which have been employed by writers in treating of 
quantities that could M numerically expressed. Many of the following nguB or symbols are 
obsolete, rare, or of far less importance to the mechanic or engineer than those which we have 
explained ana illustrated. 

X Divided by; as, a X 6; that is, a divided by 6, 6 X S = 6 -h 3 = 2. l^are,'] 

> Is greater than ; as, a > 6 ; that is, a is greater than 6 ; 6 > 5. 

CT Is greater than ; — the same as >>. [_BareJ] 

< Is less than ; as, a <6 ; that is, a Ib less than 6 y 3 <4. 

JD Is lees than ; — the same as <[. IJiare.'] 

<C Is not less than; — the contradictory of •<; as, a ^ 6; that is, <risnot less than 6 ; or, a may 
be equal to, or greater than, 6, but cannot be less than it. 

^ Is not greater than ; — the contradictory of ^ ; as, a ^ 6 ; that is, a is not greater than b ; 
or, a may be equal to, or less than, 6, but cannot be greater than it. 

tOi Is equivalent to ; — applied to magnitudes or quantities which are equal in area or volume, 
but are not of the same form, or capable of superposition ; as, a' ^6c ; that is, the square whose 
fide is a is equal to the rectajigle wnose sides are a and 6. [J?ar0.] 

7^ Of the form of ; as a ^^ (2 n + 1) ; thatis, the term a is of the fonn 2 n + 1 ; 
17 1^ (2 X 8 -h 1) ; that is, the odd number 17 is of the form 2x84-1. [iKare.] 

c^ Is divisible by ; as, a ^6 ; that is, 6 is an exact factor of a ; 8^2. IMare,"] 

^ The difference between; — used to indicate the difference between two quantities without 
designating which is the greater ; as, a .x- 6 ; that is, the differenoe between a and 6. 

— : The difference between ; — the same as <^. IBare,^ 

oc Varies as ; is proportional to ; as, a x 6 ; that is, a varies as 6, or is dependent for its value 
upon b, 

::- Geometrical proportion; as, ^} alb : : eld; that is, the geometrical proportion albll eld 

.. Minus; the arithmetical ratio of . \ used to indicate arithmetical proportion; as, a •• 6 
:: Equals ; is equal to;. / : Ic »• d; that is,a — 6=:c — cf. [^Hare,"] 

oo Indefinitely great; infinite; infinity ;— used to denote a quantity greater than any finite or 
assignable quantity. 

Indefinitely small ; infiniteaimal ; — used to denote a quantity less than any assignable quan- 
tity ; also, as a numeral, naught ; nothing ; zero. 

Z Angle; the angle; a& ZABG=: Z^EF; that is, the angle A B G is equal to the 
angle D E F ;— less frequently written > or v^. 

y\ or ^ The angle oetween ; as, a6, or A^B; that is, the angle between the lines a and &, or 
A and B, respectively. 

By some geometers, the angle between two lines, as a and 6, is also indicated by placing 

one of the letters denoting the enclosing lines over the other . as, -^ ; tliat is, the angle between the 

lme.a«.d6;rin.i:thati..the«neoftheanglebetweentheline.aand6. 

L Bight angle; the right angle: as, L A BG; that is, the right angle ABO. 
J_ The perpendicular; perpendicular to ; is perpendicular to • as, draw A B _L O D : that is, 
draw A B perpendicular to D. 

II Parallel; parallel to; is parallel to , as, ABfl GD; that is, A B is parallel to G D. 

Y Equiangular: is equiangular to;as,ABODvEFGH: that is, the figure A B G D is 
equiangular to the figure E F G H. [i?<ire.] 

^ Equilateral ; is equilateral to ; as, J. D E F : that is, the figure A B G is equilateral to the 
figure D E F. [Bare.l 

O Gircle; circumference; 860^. 

^^ Are of a circle; arc 
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A Triangle: the triangle; as, AABG=ADEF; that is, the triangle A B G is equal to 
the triangle P E F. 

a Square ; the square ; as, Q A B G D ; that is, the square A B G D. 

C3 Rectangle; the rectangle ; asO ABGD = CD E F G H ; that is, the rectangle A B G D 
equals the rectangle E F G H. 

/ or F ; Function ; function of ; as y =/ (a;) ; that is, f/ is, or equals, a function of x. 

various other letters or signs are frequently used by mathematicians to indicate functions; 
as, /, ^, ^*j ^, T, and the like. Some of these are used also without the parenthesis ; as, ^ or, 
function of x. 

d Differential ; as, <fjr ; that is, the differential of x. 

8 Variation ; as, 8 x ; that is, the variation of x. 

A Finite difference. 

D Differential co-efficient; derivative; — sometimes written also den The variable, with 
respect to which the differential coefficient is taken, is indicated by writing the letter designating 
it at the right hand below ; as, Di ^ ; that is, the differential co-efficient of ^ with respect to t. 

The letters <^ 8, A, D, and sometimes others, are variously employed by different mathe- 
maticians, prefixed to quantities to denote that the differentials, variations, finite differences, or 
differential co-efficients of these quantities are to be taken ; but the ordinary significations are 
those given above. An index is often placed at the right hand of (/, to indicate the result of one 
or more repetitions of the process denoted by that sigpi ; as, d*Xj d*x, &c. ; that is, the second, 
third, &c., differential of x, or the result of differentiating x two, three, &o., times. This common 
device is clumsy and inadequate. 

* Fluxion ; differential ; as x ; that is, in modem notation, dx. [O65.] 

/ Integral ; Integral of ; — indicating that the expression before which it is placed is to be 
integrated ; as, /* 2 xdx=:i^; that is, the integral of 2 xdx is x*. This sign is merely a modificil 
form of S, which is itself the abbreviation of the Latin word summa, sum, the integral being the 
sum of the differentials. It is repeated to indicate that the operation of integration is to bo 
performed twice, or three, or more times, as//,///, &c. For a number of times greater than 
three, an index is commonly written at the right hand above ; as, /", xdx" ; that is, the mth 
iiitegrol, or the result of m integrations of xdx^. The variable, with respect to which the 
integral is taken, is sometimes indicated by writing the letter designating it at the right hand 
below ; as, /. ^ ; that is, the integral of ^ with respect to x. 

/{ denotes that the integral is to be taken between the value 6 of the variable and its value a. 
J^ denotes that the integral ends at the value a of the variable , and ft, that it begins at the value 
8. These forms must not be confounded with the similar one indicating repeated integration, or 
with that indicating the integral with respect to a particular variable. 

2 Sum ; algebraic sum ; — commonly used to indicate the sum or summation of finite differences, 
and in nearly the same manner as the symbol /. 

Residual. 

( 3C ) A symbol used in abbreviations of quantics whose terms have the same numerical co- 
efficients as a corresponding expression formed by involution ; as (a, 6, c, </ 3L '* V)'* which denotes 
the quantic.ax*+ Sbj^y + 8 cxy* +dy*, the numerical co-efficients of which are &e same as those 
obtained by expanding (x -f y)*. 

( Y ) A symbol for a quantic which has no numerical 00-efficients; as, (a, 6, c,dj[^x, y)\ 
whichaenotes the quantic ox* +bx'y -f cxy* + dy*, 

V The number 3*14159265 + ; the ratio of the circumference of a circle to its diameter, of a 
semicircle to its radius, and of the area of a circle to the square of its radius. In a circle whose 
radius is unity, it is equal to the semi-circumference, and hence is used to designate an arc 
of 180^. In a circle whose diameter is unity, it is equal to the circumference, or an arc of 360°. 

I The ratio of the circumference of a cijrcle to the diameter ;— the same as v ; a graphic modi- 
fication of the letter G, for circumference. 

I The base of the hyperbolic system of logarithms ; the same as • ; a graphic modification of 
the letter B, for base. 

M The modulus of a system of logarithms ; — used especially for the modulus of the common 
system of logarithms, the base of which is 10. In this system it is equal to 0* 4342944819+. 

<7 The force of gravity. Its value for any latitude is expressed by the formula </ = 32-17076 
(1-000259 COS. 2 A), in which X is the latitude given, and 82*17076 (that is, 32 17076 feet 
per second) the value of 7 at the latitude of 45^. 

^ Degrees: as 60^; that is, sixty decrees. 

' Uinutes of arc ; as, 30' ; that is, thirty minutes. 

" Seconds of arc ; as, 20" ; that is, twenty seconds. 

R° Radius of a circle in degrees of arc, equal to 57^*29578. 

B' Radius in minutes of aro, equal to 3437' 7468. 

B" Radius in seconds of arc, equal to 206264"* 8. 

', ", '", &c. Accents used to mark quantities of the same kind which are to be distioguished ; as, 
a\ a", a'", &o., which are usually read a prime, a second, a third, &o. ; a b' c" + a' 6" c + a" 6 c'. 

When the number of the accents would be greater than three, the corresponding Roman 
numerals are used instead of them ; as, a', a'\ a*" a'*, <i% <!«>, &o. The accents are often written 
below also ; as, a,, a,,, a,„^ a,v, <hy Ac. Figures, and also letters, are sometimes used for the same 
purpose ; as, a\ a*, a", a", Oo, a„ a„ On, <hj and the like. 

Indices or small figures are also often used to indicate the repetition of an operation ; as, </*x, 
d^x, d*x, &o., indicating that the operation of differentiation has been performed upon x two, three, 
four, &o., times. 

sin. X. The sine of x ; that is, of the arc represented by x. In the same manner cos. x, tan. x, 
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oot. «, 860. X, ooaec. x^ TOTsin. x^ ftod oo-ven. x, denote roBpectively the cosine, tangent, cotangent, 
secant, cosecant, versed sine, and co-versed sine of the arc represented by x, 

sin.-**. The arc whose sine is a;. In the same manner oo8.—*a:, tsji.— *a?, cot.-*,r, sec.— **, 
oosec.— 'jT, versin.— *x, and oo-ver8.-*x, are used to denote rei^pectively the arc whose cosine, tangent, 
cotangent, secant, cosecant, versed sine, or co-versed sine ia x. 

TMs sign must not be confonndet^ with the negative index designating the reciprocal of a 
quantity, which would be applied to a parenthesis inclosing one of these expressions ; as, (sin. xy'\ 

which is equivalent to -; • 

sm. x 

Oliver Bvrne, the inventor of the art and science of Dual Arithmetic, in developing which he 
employs in his works two new signs, an arrow (1) and a comma (,) ; these signs (4, f*) do not 
interfere with those we have previously enumerated, as dual arithmetic essentially differs from arts 
previously known. Besides, those who examine dual arithmetic in all its bearines will find that 
a branch of greater importance has not been contributed to mathematical seienceThence, how these 
new signs are applied may interest many. 

4 6, 5, 8, 7, 9, 2, 3, 3, is a dual number of the ascending branch, composed of eight consecutive 
digits; 

2 t '0 '6 7 '4 '8 '8 '1 '2 is a dual number of the descending branch, composed of the same num- 
ber of dual digits ; for the 2, to the left of the arrow, which in this case points up, is a coefficient ; 

4 6, 5, 3, 8, 0, T '6 '6 is a mixed dual number, the first four digits being of the ascending 
branch, and the last three of the descending. 2 j '1 4, *2 2' 2, "8 *4 '5 is a dual number in the 
lowest terms, because the first digit does not exceed 8, and none of the other digits exceeds 5 ; all 
natural or common numbers may be readily reduced to dual numbers of the last form. 

The natural number 1-869 = j 6, 5, 8, 7, 9, 2, 8, 3, ; 1'869 = 2 f '0 *6 7 '4 *8 '8 '1 '2 ; 
= i 6, 5, 3, 8, 0, 7 '6 '6; = 2 i '1 4, '2 '2 2, '8 '4 *5; and = a vast number of other dual numbers. 
The dual logarithm of a is written |, (a), the dual logarithm of 2 or j, (2) = 69314718, which 
is a whole number. 

1, (1 * 869) = 62540354, and each dual number which represents 1 ' 869 may be instantiy reduced 
to the same dual logarithm, namely, 62540354. These observations apply to all numbers generally. 
Without the use of tables, in a variety of ways, and under different circumstances, Byrne in his 
works has shown by easy, independent, and direct processes, how any two of the three corresponding 

^^"^ (Natubal nuubeb) ; (Dual numbbb) ; (Dual Logarithm) ; 

may be found, the remaining one being given. 

ALLOTS. Fb., Atliage$ ; Gsa., J^rungen ; Ital., Zeghe ; Span., jLleadon, 

Allots, Metallic ; employed in the mecJumiccU and useful arts. 

Every metallic alloy, as regards utility, may be considered a new species of metal, because the 
qualities of the constituents are in most cases not recognized again in the compound ; the compound 
in such cases shows properties which do not belong to ihe simple metals, and which cannot be 
determined hj theoretical speculations. By changing the proportions of tin to copper, we obtain 
bronze of different qualities, varying extremely in colour, hardness, and sound. A few per cent, of 
tin causes copper to be hard and more tenacious. The addition of a littie lead causes orass to be 
more ductile, while a large addition makes it brittie. We shall not here enter fully into the pecuU- 
arities of alloys, as these peculiarities are given in our articles on particular metals employed in the 
mechanical and useful arts. Metallic elements do not at first sight appear to combine in certain 
ratios and form definite compounds ; still it cannot be denied that some metals do ; and we are 
justified, by the general law of afSnity, in assuming that all metals combine chemically. We 
succeed always in melting various metals to&rether, but we do not very often succeed in separating 
the excess ox any one or more metals in the alloy, or the refractory nature of another. As a 
general rule, we ma^ state that all the metals which form alkalies have a particular tendency to 
unite with those which form adds. Potassium combines readilv with antimony and arsenic, more so 
than other metals. In considering the nature of protoxides in tneir chemical relations, we may suc- 
cessfully form a series in which tne ability of metals to combine is represented. 

This accounts for the peculiarities of the iJloys of selenium, arsenic, antimony, and tellurium ; 
which resemble very much the combinations of metal and sulphur, or phosphorus, or chlorine. All 
these substances form acids in their most simple combination with oxygen. Alloys and compoimds 
of this kind are peculiarly inclined to be brittie and fusible. When two metals are near in the 
series of af9nities for oxygen, thej do not combine very readily ; and they may often be separated 
by crystallization only, when their degree of fusibility is sufBcientiy distinct. This happens when 
both metals absorb tne same, or nearly the same, quantitv of oxygen in forming oxide. All 
chemical combinations liberate heat ; silver and platinum, wnen melted together, produce a high 
temperature: so do zinc and copper. In most cases, we obtain a mere mechanical mixture of 
metals in an alloy; this is always characterized by forming distinct crystals with one metal, 
between which the other is visible. When an alloy is formed which contains equivalents, no such 
disconnected crystals are observed. An irregularly composed alloy is a mere mechanical mixture, 
like wax and fat, and never forms a uniform body of metal ; it is of either a granulated or crystal- 
lized texture, the latter of which is not compact. Between the crystals of such an alloy, one of the 
metals is always found in a nearly pure condition. The alloy of iron and silver, in which the silver 
is mechanically enclosed between the crystals of iron, is an instance of these compounds. 

Lead and tin combine in certain proportions, and whatever excess there may be of either metal, 
it is enclosed between the crystals of the alloy. The same is the case with zinc and tin, bismuth and 
tin — and, in fact, with all other metals. The number of definite compounds appears to be very 
lar^, and in all cases a metal is never obtained pure whenever another is present. In cooling a 
melted alloy, that composition which is most refractory crystallizes first ; and that which is most 
fluid is compelled to occupy the spaces between the crystals of the most refractory. Thus, copper 
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and tin are very fosible ; bat in cooling, oopper-tin crystallizes first, and tin-copper last— which 
latter occupies the spaces between the nrat. Iron and arsenic are very fusible, out in cooling, 
iron-ckrsenic crystallizes first, and arsenic-iron last ; the surface of the cooled mass shows a perfect 
network of bright lines, in regular forms. In all these compounds the first crystallized metiJ, or 
alloy, contains some of the latter, and the latter some of the first. 

When a bar of cold lead is held in mercury, the first absorbs some of the latter throughout 
its body ; the pores of the lead are filled with mercury — ^but the mercury in this case contains lead, 
as well as the lead mercury. When iron is gently heated imbedded in carbon, as is the case in 
making blistered steel, the carbon penetrates the very heart of the iron-rods; but no iron is 
imparted to the carbon, because its particles are not movable. By these and similar means the 
pores of a refractory, solid metal, may be filled with another metal, provided the atoms of the latter 
are movable. Lead does not readily combine with iron, but if we heat wrought-iron turnings in 
melted lead, the solid iron will absorb lead. Gray cast-iron will not absorb lead, because its pores 
are filled with carbon. Borings of cast-iron absorb arsenic readily, when imbedded in arsenious 
acid and heated ; but wrought-iron does not absorb arsenic by these means until carbon is brought 
into contact witii these sulMtances. In properly applying these rules, we may form aUoys of the 
most heterogeneous metals, and in regular proportions. 

It is extremely difflonlt to form a definite compound of zinc and copper, or tin and copper ; but 
if we take either the oxides of all these metals, or the oxide of any one, and the metal in small 
particles, and imbed the whole in carbon — heating it so as not to melt it, although bringing it 
near its melting point — and then apply the heat gradually and slowly, we are enabled to form 
definite compounds, which may be melted by a heat which does not evaporate either the one or the 
o^er metal. We shall point out the formation of alloys by metals in other articles, but we wish 
U^ draw the attention to these facts, because it is often very difficult to form an alloy of a definite 
composition. Yet as these alloys are the most valuable, we refer to the above mode of forming 
them. 

Fuaibiiity of AUoys, — ^Alloys are more fosible than the mean temperature at which the metals 

melt singly would indicate. This is a very important law in our investigations, and affords, when 

properly applied, the most valuable results. When tin melts at 500°, and pure copper at 2500°, 

2500 -h 500 
equal parts of copper and tin do not melt at g = 1500^, but at a lower heat. Platinum, 

and also chromium, are infusible in our furnaces, but may be made very fusible by the addition of 
arsenic Pure iron is extremely refractory, biit when combined with arsenic and phosphorus, it 
may be melted in a cast-iron pot, without adhering to it. Thus, when an alloy of two metals is 
fusible at a lower heat than the mean of the two, a comnosition of three metals is still more fusible 
than their various degrees of melting indicate; and oy multiplying the number of component 
parts, a low degree of fusibilitv of any metal may be obtained. If the composition is accoroinff to 
the laws of chemical affinity, the melting point is lowest. In all cases of practice we must reflect 
on the application of the metal before we form an alloy, the object of which is to facilitate the 
smelting operation. If phosphorus causes iron to be veir fusible, and coal, flux, and labour, may be 
saved in smeltinsr bog ores which contain phosphorus, the first inquiry must be whether tiie cold- 
short iron thus obtained is of any value. 

Arsenic and zinc cause lead and silver ores to be easily melted, but the loss in silver by this 
operation is so g^reat as to make it desirable to remove these volatile metals before any smelting 
is entered upon. We may flux copper bv arsenic, but not by lead, because we can remove the 
first in refining, but not the latter sufficiently to form a good quality of copper for sheets. 
Arsenic, lead, or zinc may be in iron which is destined for wrou^t-iron, for tiiese Wtals are 
easily removed in the refining process. It is always more safe m smelting gold ores to have 
lead, copper, or silver present, and if possible all of them ; for gold is very volatile and extremely 
divisible, hence much of it may be lost when no other metals which act by their quantity are 
present. Lead fu9es at 600^, tin at 500°, and bismuth at 400^; but a composition of the three 
may be made which melts at 212°, a heat far below the most fusible of the ingredients. This shows 
how great the advantages are which may be obtained by forming alloys in the smelting furnaces. 
It is the degree of fusibility of the slags and that of the metals which determines the expenses of 
smelting. The number of alloys is infinite. We cannot establish tables of fusibility a priori ; 
these must be determined by practice. In all smelting operations it is necessary to find the most 
profitable conditions by experiment. 

If an alloy is more fusible than a single metal, it follows that, when one or the other con- 
stituent is removed, the fusibilty of the metal is impaired. An alloy of lead and arsenic is more 
fusible than pure lead ; but when the alloy is exposed to heat for a long time, arsenic will evapo- 
rate ; and as it vras the cause of fluidity, the lead will not be so fusible after losing its flux. Iron 
is made fusible by the presence of carbon or other substances, but when these are removed it is 
very refractory, and can hardly be melted. Upon this principle the formation of wrought-iron is 
founded ; and in applying it to other metals there is ik> doubt but similar results are obtained. 
Tin is refined by oxidizing or evaporatingsulphur, arsenic, and other matter ; this causes the tin 
to be less fusible, but more tenacious. When zinc is melted in an iron pot, and exposed to the 
air, it forms dross on its surface, like other metals ; ito fluidity is consequently diminished, but its 
malleability is improved. A layer of carbon, or, what is still better, a layer of common salt, or 
bone ashes, prevento such phenomena with zinc and similar metals. 

Bpecific Gravity,— When metals are melted together and form an alloy, there is produced a 
remarkable change in their specific gravity ; which is sometimes greater and at other times less 
than the mean. A condensation of volume is manifested in melting together zinc and gold ; the 
specific gravity of the compound is greater than the mean of the constituents ; gold also and silver 
condense, or gold with lead or bismuth ; silver combined with copper, lead, tin, bismuth, and zino 
or antimony Boxinks; also copper with tin, zinc, or antinumy ; lead with zinc, bismath, or antimony; 
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meicnry with tin or lead, bismuth or antimony. An expansion takee place when gold ia melted 
with copper, iron, or tin ; also platinum with copper ; iron with antimony, bismuuL, or tin ; alao 
copper and lead ; tin and zinc, lead or antimony ; sdnc and antimony, and mercury with biBmnth. 
In oonBequence of thiB contraction or expansion we are justified in asmifning a similar change in 
the aggregate form. 

The hardness of alloys is generally greater than may be inferred from the nature of the consti- 
tuents ; still there are exceptions to this rule. Silver or arsenic renders iron hard ; but these metals 
are soft by themselves : copper and tin, two very soft metals, may be made extremely hard by 
melting tnem together in certain proportions. B^ird zinc and copper make so^ brass, and a oom- 
poimd of lead and iron is extremely soft. Antimony causes all metals to become hard ; iron, with 
a little antimony, cuts glass very readily, but is very brittle. 

The ductility of alloys is in some cases greater than the elements indicate ; that of lead and 
zinc is very tenacious. In most instances the alloy is more brittle than the original metals. Lead 
and antimony is very brittle. Two or more brittle metals melted togetiier are always brittle. A 
compound of lead and gold is very brittle. There is no precise limit at which we know when 
britUe or malleable alloys are formed ; it is necessary to find this by practice ; but there are strong 
indications that the alloy of an equivalent composition is always luiraer than a mere mechimicfQ 
mixture of metals. Any alloy, when slowly heated and gradually cooled — annealed — is softer 
than a compound which is suddenly chilled. In annealing, the various elements which are in 
oombioation endeavour to separate. Heat here, as everywhere, weakens afiSnity. This causes a 
finely crystallized, or a granulated fracture ; the component particles endeavour to assume a round 
form. When a hot alloy is suddenly chilled, the particles of which it is composed contract 
suddenly, and form a dose, compact body ; at least the ultimate crystals are condensed into the 
smallest spaed, which causes them to be hard. This is most strikingly exemplified in some 
kinds of iron. 

Any kind of iron in market may be considered an alloy ; there is no such thing as pure iron. 
Some wrought-iron contains much foreign matter, and still is soft as lead, and fibrous. If sudi iron 
is heated to a certain degree, that is, beyond the degree at which it has been manufeustured, it 
becomes cast-iron, is brittle, and when suddenly chUled becomes hard, similar to steel. Sudi 
iron may be annealed and softened like steel, or any other alloy. Tlys hardness of an alloy 
is therefore less dependent upon its composition than upon the arrangement and form of the 
ultimate particles. 

Oxidation. — Alloys oxidize more rapidly than single metals ; to this rule there are, however, 
remarkable exceptions. Hardened or crystallized metal oxidizes more rapidly than tempered or 
annealed metal, which is most strikingly exemplified in iron and steel. It appears that metals 
expand on being suddenly chilled. The spaces thus formed between the crystals are fissures into 
which oxygen may penetrate with facility ; and as the crystallized form of the particles afibrds 
much surface for combination, an oxidation is readily effected. An alloy of antimony and iron, two 
metals which are remarkable for crystallization, oxidizes very readUy ; such an alloy may be 
ignited by mere filing, particularly when it is a little heated previously to that operation. 
Chrome and lead act in a similar manner. Antimony and potassium bum spontaneoudy, and if a 
littie waruL with explosion. An alloy of tin and lead — soft solder — bums with a vividness 
equal to carbon, and if some zinc is present only a low heat is required to ignite the mixture. 

An amalgam of potassium and mercury is so sensitive to oxygen that the mercury is oxidized to a 
high degree. In many cases, and under peculiar arrangements, uie oxidation is carried to the highest 
degree : we have seen that in roasting iiilphurets, phosphurets, and other compounds, the metal is 
always oxidized to the highest degree. The same cause acts in both cases. When two or more 
metals are mdted together, there is a perfect penetration of the one by the other. In heating the 
mass, the tendency to separation is augmented, and as the ultimate particles of one metal cannot 
congregate and form large particles, they are exposed to the action of oxygen in their minutest 
form, and consequently will combine with the largest quantity of oxy^n. If one kind of metal 
is more oxidizable than the other, or if the mass is porous, the oxidation goes on, not only faster, 
but must proceed to the highest degree, because the atoms of metal may be attacked by oxygen 
on all sides. While some alloys are easily oxidized, others resist that influence more than pure 
metals. 

Pure iron is very easily oxidized, and often throughout, when in heavy masses. It has been 
found that a lot of bloom lOur inches thick, of puddled iron, was oxiJized in a reheating furnace by 
giving merely a drawing heat to such a degree, that when drawn out between rollers into bars, 
these were found to be converted partiy into nuignetic and partly into protoxide of iron. This iron 
was puddled under the influence of a cinder highly charged with cnlorides. Metals are porous, 
and easily penetrated by other mattcor. Thus, water enters successfully into the body of cast or 
wrought iron ; and if a metal is present, or any other substance which decomposes water, the iron 
is eadly oxidized. We flnd, when carbon is present, that oxygen has littie effiBct on iron ; but 
when any of those substances which form acids, such as arsenic, antimony, or sulphur, are 
combined with the metal, it is an easy prey to oxygen. An alloy of chromium and iron resists 
oxygen as well as gold ; and phosphuret of copper is not so easily affected as pure copper. Bronze 
will resist the iufluence of oxygen much longer than pure copper. 

It appears that the degree of affinity has less influence on the oxidation of metals than 
the aggregate form of their particles and the strength of their union. Hardened steel oxidizes 
more r^idily than annealed steel, and chilled cast-iron more so than gray cast-iron. Hammered or 
rolled lead is less penetrable by mercury than cast lead. German silver, which is composed 
of oxidizable metals, is little affected by oxygen, and less so when rolled than when cast. Copper 
has a strong affinity for sulphur, and is more readily attacked by it than iron, when finely divided; 
vet, when in a compact body, it will resist that substance far more successfully than iron. Some 
kinds of brass are rcmarlcably liable to oxidation, while others resist it more effectually. A 
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Bnxftoe of metftlf which is highly polished, and particularly when polished by rubbing it with a 
hard snbetance, is far leas subject to oxidation than a rough surface. If it is desirable to resist 
oxidation, or in fact the influence of any other matter upon metal, those alloys must be formed 
which have naturally little affinity for ttiat particular substance, and which, in the mean time, 
form the most intimate union, so that the penetration of foreign matter into the body of the metal 
is prevented. It is not the compactness of zinc or lead which prevents their oxidation in the 
atmosphere; it is the cover of oxide, which forms a close bod^, and prevents the further 
penetration of oxygen. We may assert that the density of gold and silver has as much influence in 
preventing their oxidation as their want of affinity for oxygen. Affinity between the metals of an 
alloy has, in consequence of an intimate union, a large share in preventing oxidation. 

Iron is easily oxidized, but it is less subject to that influence when combined with phos- 
phorus than when alloyed with silver or gold, particularly the former : this is chiefly because 
silver has but little affinity for it, and is thus excluded from its crystals, and forms a layer 
between them. There is a separation ; oxvgen finds access, and a rapid action of it is the 
consequence. Carbon protects iron successfullv, not in consequence of its greater or less affinity 
for oxygen or iron, but chiefly on account of its form. Carbon is elastic, and will flU the 
spaces between the particles of metal. When gray or white cast-iron contains five or six per 
cent, of carbon, the latter will form a body, when liberated, which cannot be condensed into 
the same space again by any mechanical means; and even in the form graphite it occupies 
nearly the space of the iron. Still, cast-iron is porous. All substances foreign to iron, which are 
contained in the finest kind of cast steel, cannot, when liberated, bo condensed into the same space 
which they occupied in the steel ; and such steel, when glass hard, is very porous , there is not even 
cohesion lietween its particles ; it is brittle. 

Compomanlt Elements of Metallie Alloys in General Use, 

Yellow brasB, 2 parts copper, 1 zinc. Rolled brass, 32 parts copper, 10 zinc 1 ' 5 tin. 

Brass— casting, common, 20 parts copper, 1*25 zinc, 2*5 tin. 

Hard brass, for casting, 25 parts copper, 2 zinc, 4*5 tin. 

Gun-metal, 8 parts copper, 1 tin. 

Copper flanges for pipes, 9 parts copper, 1 zinc, 0*26 tin. 

Brass that bears soldering well, 2 ports copper, 0*75 zinc. 

Muntz*s metal, which can be rolled and worked at red heat, 6 parts copper, 4 zinc. 

Statuary metal, 91 *4 parts copper, 5*53 zinc, 1 *7 tin, 1 *87 leaa. 

German silver, 20 parts copper, 15*8 nickel, 12*7 zinc, 1 *3 iron. 

Frick's Oerman silver, 53*89 ports copper, 17*4 nickel, 13 zinc. 

Metal for medals, 100 parts copper, 8 zinc. Pinchback, 5 pans copper, 1 zinc. 

Chinese silver, 65*2 parts copper, 19*5 zinc, 13 nickel, 2*5 silver, and 12 cobalt of iron 

^^^tSJ 1 ^iZ^, \ t^^ ]^^^ -«-»y. 1 ^^-^- 

Aich*9 metal, an alloy of iron, copper, and zinc, called also sterro metal. 

Babbit's anti-atrition metal, 25 parts tin, 2 antimony, 0*5 copper. 

Bell-metal for large bells, 3 parts copper, 1 tin ; for small bells, 4 parts copper, 1 tin. 

Kewton's fusible alloy, 3 paxis bismuth, 5 lead, 3 tin ; melts at 212°. 

Boss's fusible alloy, 2 parts bismuth, 1 lead, 1 tin; melts at 201°. 

Yery fusible alloy, 5 parts bismuth, 3 lead, 2 tin ; melts at 199°. 

'8older8.^Tm solder, coarse, 1 part tin, 3 lead ; ordinary tin solder, 2 tin, 1 lead ; melts at 500° 
and 3G0^ respectively. Soft spelter«older, for common brass-work, 1 part copper, 1 zinc. Hard 
spelter-solder for iron, 2 parts copper, 1 zinc. Solder for steel, 19 parts silver, 3 copper. 1 zinc. 
Solder for fine brass-work, 1 part silver, 8 copper, 8 zinc. Pewtererr soft solder, 2 parts bismuth, 
4 lead, 3 tin. Pewterers' common solder, 1 put bismuth, 1 lead, 2 tin. Gold solder, 24 parts gold, 
2 silver, 1 copper. Hard silver-solder, 4 parts silver, 1 copper. Soft silver-solder, 2 parts sUver, 
1 brass-wire. 

Fuednlity of Alloys. 
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Cadmium. 






Platinum. 


Rhodium. 
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Potassium. 


Tellurium. 
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Silver. 


Titanium. 










Bodium. 


Tungsten. 










Tin. 


Uranium. 










Zino. 











Work$ thai treat of Metaliic AUoya: — Herv^ (A.), 'Nonveau Manuel oomplet des AUiages 
Mdtalliques,* 18mo, Paris, 1839. ' The Useful Metals and their Alloys/ by Sooffem, Truran, &c., 
crown Svo, 1856. Calvert (C.) and Johnson (R.), * On the Relative Powers of Metals and Ailova 
to Conduct Heat/ Philosophical Transactions, London, 1858. Calvert (C.), *On the Specific 
Gravities of Alloys,' Philosophical Magazine, London, 1859. Percy's (Dr.) * Metallurgy,' 2 vols., 
8vo, 1861-64. Ziurek (O. A.), ' Technologische Tabellen und Notizen,' 8vo, Braunschweig, 1863. 
Guettier (A.), ' Guide pratique des Alliages Metalliques,' fcap. 8vo, Paris, 1865. Ovennan (F.X 
* A Treatise on Metallurgy,' royal 8vo, New York, 1866. Larkin (J.), 'The Practical Brass and 
Iron Founders' Guide/ crown 8vo, Philadelphia, 1867. Graham (W.), 'The Brassfounders' 
ManuaL' 12mo, 1868. 

ALLUVIAL DEPOSITS. Fb., JD^brit ^alluxnon; Geb., AnachwemuMmgen ; Ital., SiraU 
(Tattuvwne ; Spav., Depdsitos de ahtvion. 

Alluvial deposits are those deposits of earth, sand, gravel, and other transported matter, made 
by rivers, floods, and other causes upon land, not permanenUy submerged beneath the waters of 
lakes or seas. 

ALUMINUM. Fr., Aluminium ; Gkk., Aluminium ; Ital., Aluminio ; Span., Aluminio, 

Aluminum is the metallic baee of alumina. This metal is white, but with a bluish tinge, and is 
remarkable for its resistance to oxidation, and for its lightness, having a specific gravity of only 
about 2*6. The electrical indifference of this metal is most striking, and its efibcts upon other 
metals have been extensively investigated. Aluminum is produced from alumina bv a peculiar 
smelting process. When pure alumina, the oxide of this metal, is mixed with finely pulverized 
carbon, and exnosed in a porcelain tube to a red heat, and, in the same time, chlorine is conducted over 
it, a dry chloride of aluminum is formed, accompanied by a vivid combustion. When this substance is 
placed in a porcelain crucible, upon whose bottom some pieces oipaie potassium are deposited, and 
the crucible is well covered and luted, and then gently heated over a spirit-lamp, a reduction of 
the alumina is performed by the potassium, with the production of a high neat at the moment when 
these two metsls decompose each other. Here is a reduction of one metal by the other, as we have 
seen it performed in reducing sulphurets. 

This operation is, therefore, not confined to sulphur, oxygen, phosphorus, and similar substances ; 
it applies to all metals and their combinations, and it requires nothing but a proper selection of the 
decomposing substance, and the conditions under which it may be performed. The aluminum thus 
obtained is similar to the alkaline metals ; it is verv refractory, and does not melt at thd'heat of 
melted cast-iron ; it is hard, tenacious, and not oxidized at common temperatures, but requires a 
high red-heat for oxidation. This metal has been observed, alloyed with iron, in Indian steel, and 
it has been said that the excellent qualities of that steel are owing to its presence. Experiments 
which have been made with this view have shown that iron combined witn aluminum is remark- 
ably strong. In endeavouring to combine aluminum with other metal, we are in the same predica- 
ment as with the alkaline metals ; silex is reduced before alumina is affected by carbon ; and if any 
advantages are to be derived from an Alloy of this kind, sHex ought not to be present at its forma- 
tion. The process used at the Talyndre Works for the manufacture of sJumina has been described 
in the Hevue Universelle, 

At the Talyndre Works they are irorking a very valuable ore, furnishing pure alumina by two 
very simple operations, which now renders the preparations of aluminum an actual metallurgical 
operation in the Ollionelles, near Toulon. Its average composition is — alumina, 60 per cent. ; oxide 
or iron, 25 ; silica, 3, and water 12 per cent. = 100. After being pulverized under an edge-runner, it 
is mixed with soda, and heated in a reverberatory furnace. The mass, although not even aggluti- 
nating, becomes changed into an aluminatc of soda, and a double silicate of soda and alumina is 
obtained, mixed with oxide of iron, silica, and a little of the alumina which has not reacted. The alu- 
minate of soda is dissolved out with water (the impurities remaining undissolved^ and thrown in fine 
streams through a current of carbonic acid, by which means alumina is thrown down, and oarbonate 
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fl flodft remftiiw. The precipitated Klamina ia separated b; decantation, and wadied with warm 

water to reranve the last traoea of soda. In piactics noBodaialoet, except a saall portlou converted 
into BUieateH, the remainder being reoOTered by evaporation. The alumina ia completelT dried, and 
ii read; for final treatment. The roanoractiire of the Bodinm has hoea but little modifled. The 
flnal reaction which yields the alummum is effected in "a reTerbeiBtorj fnmaee. To the double 
chliWe of alnminnm and sodina is added about 5 per cent, of endiurn ; and lairtl;, cryolite aa a 
flnx. Bj this means the metallic alnminnm is economically and speedily pindnced. 

To prejmrt tKt Chloridt of Alamimm. — A mixture is made of alnrainn and charooaJ. and the 

' ■ ■ ■ - ■■■ -^- --.1-.... . . . - -Q gmnil itaengee. This mix- 



passed into the retort, whereby at first water ts 
expelled ttoai the apparatua, and soon after 
TBponiB of chloride of aluminum are produced 
in abundaDoe. The Tapoura of the chloride of 
aluminum are collected in the bell-jar F, which 
is so narrow that it aoon eets sufflcieutlj hot to 
cause the fusion of the chloride of aluminum, 
which is hence obtained in a concrete mass 
The liell'jar, used as a condenser, is fixed to 
theneckof the retort A by means c^afuuuel E, 
luted on with flre-claj mixed with chapped 
"w-hait: the tube at Uie other end of the f "~ 




denser serves to carry off the carixmio oxide 
■gas, which must be ignited tStei the r'- "— = 



mtirely expelled from the apparatus. In order to prevent the neck of thp retort A from 



chocking up, it should not project out of the furnace more thui five or six iiu'lLes V> i th the appaiatua 

just deaoribed, 12 lbs. of chloride of al^' ' ..... ™.. . (. . 

from the salt known aa 

' " <ud; it BO happens tl „ ._ .„^ , 

a ia left in a state nearly pure, if the salt previously 
used be pore. 

ALUHINTJH BBONZE. Fb., Braut d'AItminivm; Gbb., Alumi»iim bromt; luu^ Bnmto 
(TaiJwmiitib ; Sfan., Bnnct de o/umfni'o. 

Aluminum bronze is an alloy of copper and aluminum mixed in different proportioiu. This 
all(^ has a goldeu hue, and is extensively used in the manufacture of cheap jewellery. One hun- 
dred parta copper and ten parts aluminum, measured by weighing, when combined forma a fery 
durable alloy, which may be forged and worked in the same manner as copper. This alloy, of 
100 c, to 10 al., takes a mie polish by being bumiahed, and is the same colour as pale gold ; 100 c. 
and S al. forma an alloy, which takes a fine polish by burnishing : it resembies pure eold in 
colour, but ia \tm durable thou the former alloy of 100 c. and 10 al. Farmer's Aluminum Bronie 
is a mixture in which the copper may vary from 65 to 60 per cent, of the whole, aud the zinc, or 
other light-ool'iured metals, from 80 to 20 per oent. of the whole ; the aluminum being fran ^tbs 
to iint£B of tlie whole quantity of the light-coloured metals used. 

AHALGAH. Fb., Amaiganie ; QlB., Jaudgam ; ItaL., Aotalgama ; Span., Amalgama. 

An »m«lgnm is a compound of mercury -with some other metal, or a native compound of 
mereur; and silver. Bee .Ajialoamatino HAOBim. Qols and Biltib. 

AxALQAHATHia Hachinb, HI littler mining. 

AXAIiOAHATmO MAGHIHE. Fb., ifaMiu i mto^amcr; Qeb., AimJgamir MuMne; 
Ital, Macchina per amaigamarv ; BpaiTt Mdjuinapam amal^amar, 

Vamey'g amalgamating pan is shown in Figs. 112, 113, 111, 115, US, 117, IIS, 119, 120. 
Fig. 112 is Bvemcal section of this amalgamator; Fig.113, a plan of the parts beneath pan; 
Fig. Ill, elevation of the amalgfooator complete: Fig. 115, view of interior of amalgamator; 
Fig. 116, view of one-half the lower dies with wood in dots ; Fig. 117, view of nnder-«ide of one- 
half of muller with shoes attached : Figs. 118 and 119 itond for gear on vertical ahoTt; and Fig. 
ISO^iUow-block for the driving-ahaft. 

The body of the amalgamator conaieta of a pan or tub A, Figs. 112 and 114, with cover B, 
through which is an opening for the intradnctioii of the pulp to be ground and amalgamated. The 
pan ia supported on anitable framework, shown in Fig. 113, From the centre of the pan, and 
extending from it* bottom, to which it is cast, eome distance above the cover stands the vertical 
tube D, through the interior of which ia a hole poaaing vertically through the pan, in order that the 
■haft C may work through it. On the Inttom of the pan, and secured to it by bolt* e, is fixed the 
lower muller a, coodBting of a circular iron'plate having a ronnd hole tl in its centre, oonnderably 
Utgn than the base of the tube D. This die may, if desired, be made in sections. 

That portion of the hole through the muller not occupied by the tube D, ia ao filled with wood, 
. M to present a plain aurfcoe tium the tulw to the circumfereaoe of the muller. The diameter of 
tlua muller is sranewhat leaa tbau that of the interior of the pan, by which me«ne a space a' ia leR 
to be filled with auickailver. AtoTe the lower muller ia the upper one 6, of like general form and 
■iu, having twelve shoe* c, the form aud relative positions of which will be understood l:^ 
■appoeiug a plate of the diameter aud thickueBS of the lower muller Attached to the undei-^ide of 
the upper one, and sawn into twdve equal parts on lines drawn ficn the cijcamferenoe of the 
plate to the outside of the tube D. The saw must alsabe supposed to be held inclined at an angle 
al about forty-five degree*, thus forming radial grooves from the inner to the outer opening. 

Baoti dtoe ii &at^«d to the muUer by a bolt, or a wiought-iroa rivet, caat into the alioe and 
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rlTofed into m conDtw-ritJc on the upper aide of the mnller, as shown at /, Fi^. 112 : the boMea and 
reoeesee;, koep the die in its plsoe. In the lower mailer sre lodisl slots, similar to those in the 
nppet one. Thpse slots mny be either iacliued iBtenU; or be made Tertical. The slots in 
the lower muller are filled with wood, so as to )^nd on its end, in order that it ma; be kept 
slightly worn, in advanoe of the wear of the die ; thus fnmishing a cavity for the admission of palp . 
between the sarfacea, by which the gricdiiig capacity of the machine is greatly increased. 




Over and aronnd the tube D bnt nut m contact with t is placed the larger tube E, eiaotly 
perpend color to the lower face of the upper n Her and bavuig around its lower extremity 
the flange V upon which rests the nng h, which is cast with, and forms a part of. the nppcr 
mailer This u oounected with the muller bv means of six ourred arms i, two patrB of which 
are much nearer together than the others, and the space between them is filled by a projection 
from the periphery of the fiange V, for the purpose of carrying with it the upper muller when the 
Sange makes a revolution. To the shaft C is fastened the la^e tube E by tbe featlier i. and set- 
wrews I in the hub Q. The shaft C passes through a Babbtei metal bearing at m, and through the 
boss F of the driving-wheel, in which is a feather sliding vertically in the shaft. The shaft is 
stepped, by the ordinary method, into the vertical sliding-bn H, which i« itself held in the laterally 
adjustable box O, 
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The atop-bciz Ksia upon ta iron b«r, one end of whioh ii nipported by % aorew bolt u, Fig. 115, 
and Ibe other is held by a bolt nod hand-wheel x, FigB. 114 and 115, by which it can be either 
raind or lowered ; laisiiig w loweiiog the npper mnlleT at the vme time. 







Within the body of the pen are Enepended three onrred plates r, Figs. 112 utd 115, extending 
fiom Dew the aurfaoe of the appec mnJlec apwaids, and atrelohiiiK in length from the inner aide 
of the pMi aronnd to a point neftr the outuide of the large bow, oppoute that troa whioh thej 
■taried. 

The lower edges of the oarred pUtea are bent inwude, m shown at i. Fig. 115, forming flangea. 
The inner endf of the oorred platee ere aecnred rigidlj to the ring g. of Hufflcient diuneter to 
mrroimdandolMir the tube E; t^e whole beiog anipendea by a rod attached to each plate, paeaing 
thioogh the gotot and band-wheeli J| by which it may be a^iuted. The outer ends ct the ourved 
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plates slide yertieally in grooTee in the proieotionB £, cast upon the inner side of the pan. The 
operation of this apparatus is as follows: — ^The space a' about the periphery of the lower muller is 
filled with quioksilver, and the pan nearly filled with pulp, of the proper consistency to flow easily ; 
the shaft C is now made to reyolve at aproper speed, from sixty to eighty resolutions per minute, 
by which the upper muller is rotated. The pulp between the mullers, by means of the centrifugal 
force deyelopec^ is made to pass out through the radial channels between the dies, as well as 
between the grinding surfaces of the upper and lower mullers ; also into and over ttie quicksilTer, 
thereby causing amalgamatUm, 

lis. 
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120. 




The outward motion of the pulp has the effect of keeping the quicksilver entirely away from 
the grinding surface, thereby obviating what has often proved a very serious difficulty, the grinding 
of the mercury. 

The rotation of the upper muller causes the pulp in the pan to revolve with it. This current 
is met by the cuneiform projections and curved plates, ana thereby turned towwds the central 
opening in the upper muller. The radial slots between tne shoes, running from the central opening 
to the outward one, allow currents of considerable size to pass with great velocity ; and the pump 
filling these dots, being continually thrown outwardly, t^ds to produce a vacuum. By this the 
pulp in the body of the pan is set in motion, causing a ics^d and abundant fiow downwaids at the 
centre, and upwards along the inner surface of the pan. The pulp is thus^nade to circulate, until 
oompleto pulverization of the quartz and amalgamation of the metals have taken place. 

Reference. — A, pan or tub ; B, cover ; 0, vertical shaft ; D, central tube ; £, exterior tubes ; 
F, boBB of driving-wheel ; G, hub of outer tube; H, sliding bearing; J, hand-wheels; O, adjust- 
able box ; y, fiange of outer tube ; a, lower muller ; a', space for mercury ; 6, upper muller ; c, shoes 
of muUer; d, hole in centre of lower muller; e, bolts securing lower muller; /, bolts securing 
shoe to upper muller; A, ring on upper muller; t, curved arms of muller; A, sliding key; 
J, lugs to keep shoes in place ; /, set-screws ; m, Babbif s metal bearing ; ^, rings supporting curved 
plat^ ; r, curved plates ; s, fianges of curved plates ; if brackets supporting jSates ; w, fulcrum of 
lever ; x, hand-wheel for lifting muller. 

AMALGAMATION PAlf. Fr., Cuvette h amalgamer; Gkb., AmoUgamamir-pfanne; Ital., 
Bacino per amalgamare ; Span., Mdqwna para anuilgamar. 

This pan, shown in Fig. 121, differs from ordinary pans which are employed for the same purpose, 
especially in the shape of the bottom. The bottom of this pan is inclmed towards the centre, and 
is shaped like the inverted frustum of a cone, to which the shoes are bolted, and the corresponding 
dies are fastened to the bottom of this frustum. When the pulp is thrown in and the Mullere set in 
motion, that portion of the pulp which finds its way between the grinding surfaces is thrown 
towards the circumference, firom whence it again descends to the centre by gravitation, and passes 
between the mullers. A constant circulation is thus established without the aid of the curves 
or wings employed in the Wheeler Pan, which have sometimes been found an impediment in 
starting the machine after the sand had become packed from stopping. The charge for this pan is 
about 1400 lbs., and the time required for workhig it is fh>m two to four hours. The time varies 
in accordance with the fineness, stato of division, and other characteristics of the pulp. When the 
ore has been sufficiently reduced and amalgamated, the pulp is, after dilution, discharged into the 
separator^ and the amalgamating pan imm^iatoly recharged without stopping the machine. After 
the pulp has been run off into the separator, it is furiher thinned down with water to such a 
consistoncy as will allow the mercury and axnalgam to settle, whilst it still retains sufficient 
plasticity to hold the coarser particles of ore in suspension in water. If the oompoimd be in a 
proper state of dilution, the mercury and amalgam will giadually precipitate, and at the same 
time no perceptible difference will be felt in the consistency of the pulp sitoAted near the bottom 



AHALGAMATING-FAN. 



._ r uitidea will be felt to distincUj aepante fnm the 

ifben pUeed near the bottom of the 
npuKtoi. Thia pan nnull; Dukea 
between fifty «ad aixty niTiilatiaiit b 

The Hepbniti and Fetenon Pan ia 
much employed in the redUGtioa e«ta- 
blishmeDte of the PaciSo CoMt, and, in 
addition to being an exoelleot amalga- 
mator, it ii alio a good Krindei; but it 
has the disadnmlage of reqairiog the 
expenditure of from fool to Ave hotee- 
. power for efficient working. The charge 
of the Wheeler Pan ia not only lera 
than that of the Hepboiu and Feteracn 
Pan, but the ghndiug power of the 
Vlieeler Fan a alao lees oonsiderable. 
BeeSiLTER. 

AMALGAMATING - FAN, Fa, 

Machine a amalifainer j GlB., Amaiga- 
mir - pfanne ; Itaj.., Appar«ccMa ptr 
amaig<Bnar€ } BfaV., Mdquina para amai^ 

Ajulguutob, Attuooft. In gold 

mining 

Attwood'a amalgamate Ia Hhown in 
Figs. 122, 123, 121, 125 : it ia designed 
to nve tils Eold bb it iaanea from the 
■tamping miU. Fig. 122 ia a aectional 
eleTatica: Pig. 123, plan: Fig. 124, 
tower end of tyen ; and £^. 125, eikl 
of itcam-cheit. 

Id tliia arrangemait Attwood doea 
not make uae of blanketa, but the 
gToond are, imuing from tlie bettery- 
■creena, flowa directly on to the amal- 

pamatoi, where it is gentlv stirred by the action of the cjlinden A, tnr 
indicated bj the arrowa, and then paiBoa on to a riffle-board B, coreted by 
platee, where a great poitim of the Mnajgam, escaping bom the ca«t-inm 



e, and to itiike againat the turad 




tnming in the diieetlon 

■-- amalgamated eopper- 

— iry boieea, will 




be edieoted. In order that the memny in the boxes nnder Uie rollers 
and ita afBnity tot gold be thai remWed alnggiah, thav «e oast with a double bottoi 
which a current of steam can be made to pass, and whlon ia e«sjly regulated bv an ordii 
Fran the riffles B, the ground materisJ paweeinto the treC, of which the bottom ia 
a ecosiderable angle, and wfaieh ia provided at the tower end 
of water within it. Thia ia done by meana of the atopa 

amalgam or meronrr, which *- j-.-->---i t— 

a small cistern D, running tt 

turning in the direction indicated by the arrow, and which constantly keeps the bol, to Hio uejiiu 
of ita aims, free from accumulations, an as to form a depression ia which the mercury and amaJgam 
marbeoMDe depoaited. 



not beorane too eold, 
luble bottom, through 
bj an ordinary tap. 
C,of wliich the bottom ia inclined at 
wiUi a atot c, for regulating the depth 
In order to catch any globules of aoft 



hea*ier pMtioiM begin to si 



, „ le amalgsmatoT soon reaches the tye, sad the 

muiate behind the slop, whilst the lighter particles are c*rried off by 
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purpose : and when the pyrites vhinb u deposited iicoiimulatei to the l>ei^ of the top of tha 




It it erident that br tU« nwHu the pyrites wiU be collected In th« tye« in a Tery ooncentnted 
form, Bod that the smonnt of labour lequired is but small ; we have, bowever, neTer seeu this 
sppanitiu in operation, and are withont any precise data Stowing its efficiencj, aa compared with 



the blanketa sud riffles m 

Seference. — A, agitntiDg roUem With iron blades; a, mercury tion^i; _, -.^r - - 

C C, tyes ; e c, apertures at bottom of tyes : d c', stops for bottom of tyes : D, troagb for ooUeeting 



low in geiieiB] 



with iron blades; a, mercury tion^i; B, copper riffles; 



cun uhI (UDaJgam ; d, agitator in trough ; E, tongue for directing coune of tullngs into tye* 

AMBULANCE. Fa., Anit^aiKt; Oeb., Ftldiotpltal ; Itai^ Amivlama, OtpitaU mAalairiti 
Span., AnJniianaia miliUir. 

A variety of oontriraQoea have been invented for the conveyance of soMiera womided in battle; 
the main abject of these contrivances, termed ambnlancee, ia to remove the men with the least 
possible suffering, and to place them, consequently, in an easy poeition, consistent with the limited 
space allotted for this porpose, or until they can be removed to an inflrmaij or military honiital. 
Fig. 126 repmsenla a cwriaga designed to carry Ave wonnded men ; nch ceirieges are employed . 




tn the IltJian army, and cdnatructed aceoiding to directions given by Dr. Bertanl. The inside of 
the body of the carriage. Fig. 126, oontaini five beds, namely, two on the tide-seats, which ara 
placed lengthwise in the body of the carriage, and two above these supported by beams which are 
Bxed to iron pillars or supports ; the flfth bed is placed at the bottom oC the body of the carriaga 
between the seats. The carriage is made to open sideways, so as to give facility to place the 
wounded men «d the bed*| wUdi rest tn flat steel springs that ad with ease, in oouequence of 
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their nfoelT a^tuted poww ot eUaticity. TftukB, made of lino, ore pisced nndec tho n 
tlio beds ; these tthk» Kre Bttad with suitable gntta-pereba tubing, which carries off the fli 
lels which Dommimicats with openings under the carriage where the f 



escape, to fnin 
dimEsrged. T 



to obTikte any difScolty that might arise ii 
plaaiag the men npoa them with ease ana 
r«pidit7 ; the beds, with the woouded men, 
are replaced by the Hwme meohamcal ooa 
trinnoe. The frame-work of the Tehicla 
shown In Pig. 126 is ■olidlj' and nell bmit 
the body is nippcnted nptm six spnngs of the 
best make ; ventilation ia amply provided 
end great care baa been taken to esolnde 
stnmg light, which might interfere with the 
oomfort of the temporary ocoopants. 

Pig, 127 is an end view of the carnage 
shown in Fig. 126; the door at the bock is 
shown in Fig. 127 : it is «t»>ngly made and 
oa its inside there are Dockets which hold 
bottles of medicine and other necessaries 
The driver's seat is eonstmcted to carry three 
OS— two and the driver. This convey 





ance, shown in Figs. 126, 127, is light, and may be easily drawn over had raads or through fields 
by two bones. 

?ig. 128 npieaenta an Ameiican hoepil«l railway-waggon, fllled up for tbirljr men. Thia 
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waggon or oaniAge 1b about Bizty-five feet long ; it is divided into two porta, one of which otmtaina 
a chemist's shop and a surgery, together with a small compartment for attendants. At the opposite 
end there is a small compartment for the guard and breaksman. The beds are supported by strong 
straps c€ vulcanized inain^rubber. This ambulance, Fig. 128, is prcmerly lighted and ventilate<^ 
and, when necessary, it can be heated by a stove. Fig. 129 is an ena view (rf the carriage shown 
in Fig. 128. Strong breaks, similar to those used on ordinary American railway-carnages, axe 
appliS to the wheels of this ambnlance both fore and aft. 

AMMUNITION. Fb., Munition <k gunrt ; Gkb., KriegB-€camiimtion ; Ital., Munizitme; Spav., 
Municionei de guerra. 

Bee Obdnange. Small-abub. 

ANCHOR. Fb., Ancre ; Geb., Anker ; Ital., Ancora ; Spak., AncHa. 

An anchor is an instrument employed for obtaining a temporary hold of the ground, either 
under water or on land, but principally in the former position, ^y its use a strain may be resisted, 
as in the case of the ship at single anchor, or moored ; or a fixed point may be obtained on which 
to exert power, as in the case of a vessel anound, the anchors of which, being laid out at a distance, 
enable her to be hove of by power exerted on board. 

The diapes of anchors are various, to fulfil special objects. The weights range from the 
112-cwt. ancnors of the ' Great Ekuitem,' down to those of the smallest yacht ; but the proportion to 
tonnage now employed in the Boyal Navy is given in the following Table i-^ 





Lnrs Of Battlb Sam. 


FBKATia. 


* 
OOBVB'i'SS. 


Dbbtatch 

ViSBSLS. 


Gos- 

BOAXS. 




• 


AbofTC 


AboTC 






Above 


Abon 






Abon 


Abow 


AbOM 


Aben 






AbOT* 








AvaioBs. 


Abof* 


2TU0, 


2000, 


Unda 


Above 


2700. 


2000. 


Uad«r 


AboTC 


1100. 


960. 


700. 
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The average appears to be about -^ih^ part of the tonnage for bower anchors of the larger 
classes ; one-uiird of this for the streiun, ana -ji^th for the kedge. 

Among solid anchors the best form is that of the British Admiralty, shown in Fig. 130 ; it 
consists of a Bhank A, with two hooked aims E, E, termed ftukn^ and a stock B ; the shaiuc A has a 
ring or ahackU 0, at the end. That end of the shank which is next the stock is called the small 
round; the point F, where the arms and shank unite, is tenned the crown ; and the rounded angle 
at its junction with the arms, the throat. The anns, for about half their length, are made either 
round or polygonal ; the remaining half consists of three parts, namely, the blade, the palm, and 
the bilL The blade or wrist is the continuation of the arm towards the palm or fluke D, which ia 
a broad, flat, triangular plate of iron flxed on the inside of the blade. The InU or pea G, is the 
extremity of the arm. I, I, are projections intended to enable a wooden stock to be applied in case 
of necessity. The forelock and its chain are shown at H, Fig 130. 

Among hinged anchors the best forms are those of the rorter or Trotman, shown in Fig. 181, 
and the Blartin, Fig. 132, which has the peculiarity of holding with both flukes. 

isa 





The chief requisites of a good anchor are soliditv, holding-power, and non-liability to 
'* fouling." Also the anchor must be eaqr to ''cat" and ''flsh," and certain to "bite" when a 
strain is applied. 

And here a comparison may be useful between the old form of anchor, as the Admiralty {vide 
sup.) and hinged ancnors. While one fluke of the old form must always be standing up out of the 
ground ready to go through the bottom of an iron ship, or to inflict serious damage on a wooden one, 
and is always Ukely to catch the *' bight" of the chain cable as it is dragsed round when a gale 
arises and the ship swings to her anchor, and thus cause a foul anchor,— the hinged anchor has no 
such inconvenience, and in the case of Martin's has a far better hold of the ground. Against this, 
in the Admiralty anchor are to be put the solid advantages of superior strength and simplicity. 

A rude but efficient form of rour-fluked anchor is made of wood and stone, Fig. 138, and is 
still in use in eastern countries. The anchor of most civilized nations is made of wrought iron, 
but for this^ as in chain cables, steel might with advantage be substituted. (Since the introduction 



of chain nblca, » gteti pftit of the wetght fi»merl j emiidend oeeetmij may be dUpniMd with, if 
the tensile itranstD remoine the aune. This ii en aoaonut ot the &ct that the weight of ohtin 
lyingon tbemod tuooiekt thebottiHooontilbntMaoDiaohto hold the ship, that ihenrel; "looki 




at har anchor "nnleas in a heavy gale. A oseful foim of land-anchor U that vheie, InMead of an 
anchor of the otdtiuuy tjpe, poeta of wood oi ban of inm are made to do the Hune duty. 
Fig. 1S4. 

The laying oat of laige aocbma in oaae of diaasler at sea is beat aecMnpliahed by the uae of two 
boats of ninilaT aize, between which the anchor ia slnns, Fig. 139. A, A, aie apais laihed tan and 
aft in the boalB ; B, B, are larger and ahoiter span, whit^ leat on A, A, and BOpport the anohoi hang 
below ; C, C, Block of anchor i D, the anchor. 

Ereiy man-of-war hae two "bower" anchon— the best and the email; » iheet anohor, Mme ein 
as the beat bower; a ipare anchor, ditto; and* stream anchor; with two or more "kedge" anohonof 
amaller size. The two bower anchors, ae their name implies, aie alwayi at the bows, — beet bower 
starboard side, mudl bower port side, eeaniedio the "cat-heads" and " flsh-bollard ; " sheet anchor 
starboard side, abaft fore-chains : spare ditto ditto port side ; the others as most oonvenient, bat all 
generally ontnde the ship's gunwale, where tboy may easily be got at in cose of neoeedty. The 
mnahracm mmIuu tat ntooringa is shown in Fig. 136. 
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4hank B, by sennte bolts, D, indepembntly of eaoh other ; the two flukea 
jj means of a Moment O, passing throngh a slot A, in the shank B. 
of HBnell, Fig. 186, hBafaivlH)mi,(ve,fized to thenwnUeuBud^ whioh taka 



60 



AKCHOB 



donbl« ^p vhaD the auchoi' ia moved b; the cable bIodk the hoIding^Tonnd. A nmig ImjAioU 
g, acta u a hin^ at the turning point ; the range oC the motioa ia limited hj the com* e,t. A 
shackle/, ia fixed at the orown. The homa c, c, Cftuse the snohor to lie on the groimd in the right 
position, and oompel the palma to penetrata the gronnd and take hold kt once. The lue of a 
stock on the ehank a, in this onchoi is diiipensed with. It has great holding powei', lightness 
&cUit7 of stowage, non-liability to fool, and faoilit; of withdiawal bomfonl gi ^ < ' 

The anchor of F. J. 
Lathiun ia ehown in Fig. 
139. It oonBiets of a shank 
A, with tffo flukes, D, 
pivot^ to a stock B, which 
vibrate on either aide of 
the latter to an extent de- 
termined h; the contact of 
a crown-piece C, with the 
Btock. 

The onchoi of the Vlo- 
toria Doeks, London, lb a 
heavy iron costing, resem- 
bling a seztemt in form, 
Fig. 140. The length of 
the curved part of the back 
is 12 feet, the am being 
Btrook from the centre of 
the gate pivot with a rodiiu 
C, D, of II feet. In conse- 
quence of its great size it 

was cast in two piecee, \ ^"^'n^^^'^^ '* ^^^ flnnly in place by ten vertical bolts, 
which were bolted bother ■ X^ .^^^"""^^ ^ inches in diameter, taking hold of a n 
throogh the middle nb ; it of solid brickwork, ID feet thick, by means 

of bed-plates nearly 70 feet in area. There at« in addition two long rakmg bolta, pasaing throogh 
stnw plates, bedded fnrther back in the brickwork of the wall. 

I%e anchor stra]>, which ia of wrought iron, ia 7 incbee deep and 2 inches in thicknen, increased 
to 5 inches in the middle of the length. The ring or upper axis of the gate which it anrronnda is 
18 inches in diameter. It is fonoea of ■ piece of forged uon firmly riveted to a wrought-iron plate 
i of an inch tbtckj on the top of the gate, which ia stiffened by additional gnsset-pieces and angle- 
irons. The strap is a^jnsted by means of key* i and proviaion is made fdr exsmimng "- ' "-- 

strap witli facility. 
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Two <rf tbe bowtf snchon moat not bo less than the veight «et forth atioTa, bnt In the thin] a 
Mduction of 15 per cent, u allowed. All BnchoT-atocks must be of acknowledged uid approved 

UnBtudded close-link chains of I inch in diameter and nndet, ftre admitted as cables, If proved 
to two-thiida the test Tequired for atud-chains. But in all such cases a short length, not leM than 
12 linkH, mnst be tested up to the full strain fbi stud-link chains. 

in cwGB where parties are desirous of nsing or supplying chains of smaller size than is set forth 
above, a reduction is allowed not exceeding ^th of an inch in chains of 1 inch to 1 } inch diameter, 
and }th of an inch in chains above 1 1 Inch diameter, proTided the; be subjected to the Admiralty 
strain for the siie for which they are to be Eubstituted : and further, that a few links, not less than 
twelve, to be selected by the teeter, shall be proved to the breakW strain, and show a mai^ of 
at least ID per cent, beyond the Admiialtv proof for a chain of the full aize reqaired by the 
Table. 

For steamers the anchors and cables will not be required to exceed, in weight and length, thoao 
of a sailing veiset of two-thirds their total tonnage. 

ANCHOE-THIPPER, or ANcaon-S-ropptii. Fa., Arrangemmt m^cmiqftt pour viiement detacher 
raacn tl U fain lomher data Peau ; Obb., i'in» Vorrichtuag turn KhtuUen Werfm der Anitrj ItaL., 
Appartcchio per geiiar Pancora ; Bfan., Aparejo para toUar et aTtcta, 

An anchor-tripper is a device for the purpose of relieving or forouig the anchor from the davit 
or oat-head, in the anchor-tripper of w. Stacy, Fig. 141, the tripping line £, turns the hook D, 
which holds the ring, thus permitting the ring to slide off its auapeodiog hooks. A is a block : B, 
the davit or cat-head ; and C a rope passing through the block and over tlia davit ; F is a gnide- 



the anchor off from the tail with this tripper. It la only necessary to raise a lever A, which r 
npon the lail; when this lever is rsised, both the shank-painter and the nng-elopper are instantly 
discharged by the motion given to the rotating bar or keeper D, with its tionghs /, /, chain d, and 





reating snifiuM or support s, h, for the Buke of the anchor, that when desired, by simply releasing or 
nnfasteoing tbe said snpport by means of the detaining lever P, the anchor d, will readily fall and 
drop by its own weight. 

W<irtM and Seportt KM Aimhora: — 'Anchor-making' In Steel's ' Rising and Seamanship,' 41o, 
1793. Pering (B.), ' Treatise on the Anchor, with some Observations on Chain-eablee,' royal Bto, 
1819. Bodger (Lieut. W.), ' Improvomont* in Anchor*,' Svo, 1880. Jamieson (A.), 'On the 
Mechanical Propertiea of Porter's Patont Anchor,' 8vo, 18*3. Gotsell (G.), ' Treatise on Ships' 
Anchors,' 12mo, 1S56. 'PailiiUDentary Reports on Anchors,' 1860, 18M. ' Rapports de la Com- 
misdou du Minist^ de la Marino sur rEiposition de 1867,' Paris, 2 vols., 18S8. 

AimilOlHRTRBS niPLOVED IN M[HlHO OpEBATIOHS. 

ANEMOMETER. Fa., Art^omitrt; Geb., WindmeMer; Ital., Anemanttroi 6f«h., ..4ii«m<»- 

The auemometen of which we treat are burtmraeDts deeigned to measure the force and velocity 
of cnrreatiof air in mines thiongh chimney-shafta and in other places. Meteorologists employ 
maehlnes, termed anemometers, which they employ to measnre the foroe and velocity of (he wind ; 
vS these machines we take no ptulicular notloe We. 

Mmuemfioaedio Utaturt the Velocily of j4i>.~TbedifBcnlty of measuring the velccllyol theai 

"^ prDoiakm Das been, and still is, the r * '■-■--' ^--- ■■-- -.. > -. -. .--■ 

to nhieh alwU IndiMte tbe lawfl of tb 
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nie mart geneml mode adopted b; experim^nteis ootulata tn throwing to the wind light bodies, 
■ooh M ftrnthen, thisttedowD, the amoks of pomieiB, or the oneoce of tuipentiiie, Euid in observing 
the distuioe* described, with the oorreipoDaing timee, in the moTement of tranfllBtioD. But this 
■Imple method allbrda but little preoiaion, on kcoonnt of the mull diituuxs in which tbej oou be 
otMerred; ofwhioh weihallniekkpraaenllf. 

Anenometerai oompoaed of » onKll light fan-wheel, whoM motion ii trannnitted to > eoimter 
which r^icten the nnmbei of timu, are tnoat oertain, and convenient for nee, though tiiej moat 
pnTioaalT be teited, or the relaUoo exirting between the velocitj of the wind ami the number of 
imiM of the winn mnat be acoiiiatel;r determined ; thia determination preaenta grpat difflfoltiea.' 

Hoat KeneraUTt we aooompliah tlua teat by placing the iiutrament upon the borizontBl aim of » 

riea M bora»-gm (Fig. 163) with a Tertioal aiia, which ia made to turn aa unirormly as pOBeible. 
then Dbaerre aininltuieoaaly the number of tuma of the winga and the veloeity of tranitlBtioQ 
of the iDstmment, aad then auppoae that the effect ptoduoed by thia moTement of the app&ratn* 
In the air the nme ea tliat «hioh would be due to the action of the wind, impreased with the 
velocity of ttanaport of the anemometer, upon the winga of the iuatnunent at t«et. 

In examining the diflbient ayatema of measuring the velocity of air in mine^ we shall deecribe 
the ootutraotion and piaetical applicatiou of the anemometera now generally employed ; the first 
we ahall deaoribe ii a very light anemometer which H. Combea, Inapeotor-Oeneral of Hinea, con- 
BtrnetedtomeaanrettteamaUvelocitieaof air, prindpallj in the ventilattaQ of mining workj. 

AntmemMler of M. Coalm. — Thia inatrnment ia aimilu to Wolttman'a mill for gaoging Htreama 
of a oonrideiable •ention. It la oompoaed of a verj' delicate axle A (tntning in agate cape), upon 
which are monnted four plane winga, equally inclined oa to a plane perpendicular to the axia. Iq 
the middle of the axle (Fig. 144) la eat an endleaa acrew, which drive* a tmall wheel, R, with 
a hxmdred teeth, so that the latter advanoea one tooth 
tra each revotntion of the axle bearing the winga. The 
axle of the first wheel csrriea a amall com, which acta 
npon the teeth of a aeoond wheel, B'. The last ia Iield 
fait by a claw or very flexible steel apring, which ia 
attached to the horizontal plate upon which the initm- 
ment ia monnted. At each revolution of the Srst wheel 
with a hnndred teetti, driven by the endless acrew, the 
cam starts one tooth of the aecond wheel with fifty teeth. 
The two wbeeli are marked at intervala of ten te«th ; the 
firat from one op to ten, the aecond from one to five. The 
index-pointera, fixed opcD light nprighta, which bear the 
axle m the winga, aerve to mark the number of teeth 
which each wheel baa advanced, and thua to indicate 
the number of revolutiona of the axle of the winga. By 
meana of a detent and two cords, which move it, we may, 
at a distance, arreat the rotatiou of the winga, or allow 
them to turn, nnder the impulae of the current of 
which atrikea tliem. _ 

The manner of uaing tbfa instrument is easily underatood after this description. We place the 
limbs at zero, and the instromeDt in the axis of the air tubes, keeping the limbs immovable by 
meema of a catch, which ia locaened at the moment of commencing tne dwarvation, and made foat 
at the end of the aame. 

It ia well to prolong the obeervation as long a time aa poaaible, and for two or three minute* at 
leaat, if it can be done. The diviaioD of the limba does not admit of ooontuig over 5000 toma, 
vhich, for a velocity (J air 8*84 feet per seocmd, would tmly oorreapond with a dniation of about 2-S 
minutea. 

The test or error of theee instraments may difler very much from each other, though their 
dimenaiona may seem identical in all points. It should then be made for each one in puticular, 
and repeated, as far aa poaaible, wheneyer we wish to use it after an interruption. 

Thus the anemometer, whose trial wa« reported by M. Combes, gave 
a =0-8458 foot + 0-300S a, 
B being the velocity of the air In feet per second, 
and » the number of tuma of the winga in I". 

Another anemometer of the aame model gave the relation 

ti = 0'49Blfoot + 0'3821n. 

Semarka ujxm tha Ute of tke /u^rumnil.— This little inetnuneat ia bandy for the measurement of 
small velocities, rinee we see that it can appreciate those from ' 492 to * S2 foot per second. In this 
case it works long enongh to give sufBdently exact indications in practice, still with this condition, 
that the ounent shall he ocntinnoua and tolerably regular, snoh aa is the case with mines whose 
ventilation is produoed bv permanent aanaes, alighUy varying from one instant to another. 

Th€ BvittoMt if (i« j4ir.— The phenotaeoa produced by bnliee moving in air are similar to those 
presented by IJquioa. and the resistance which it oppose* ia the motion of these bodies is of the 
aame kind. BtUl, it ia proper to diatLDguiah between what occnn in uniform motion, and that 
whloh takes place In variable motion. 

In the first case, the velocity remaining the aame. the Suid molcculea, succeasively driven aside 
by the body, experience the same displacements, receive the same velocities, and in different 
inatanta of ita motiou the body meets the same reaiatanoe. But in variable motion, accelerated, for 
example, the Suid mnlocules receive greater and greater degrees of velocity ; and sa they belong to 
an elastic floid, the fiuid prow formed in front of the body acquires a density and mass continually 
;, wheooe il followa that the mass displaced increaaee in the same time aa the veloci^ 
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imparted to it. We oomoeiTe then, a priori^ that the greater the aooeleration of motion -j , eo will 

be the reeistanoe ; and so we mav foresee that, in accelerated motion, the expression of the resistance 
of the air must comprise, besides other terms, one peculiarly due to the aooeleration of motion 
itself. It was reserved, however, for the experiments of Morin at Metz for the first proving of this 
matter, to which we shall allude presently. 

Re$ulU of Experimenla. — The celebrated Borda made, in 1763, experiments upon the laws of the 
resistance of air, by means of a kind of fan-wheel, with a vertical axle and horizontal arms, a little 
over 7 * 16 feet in length. He placed at the end of this arm the surfaces and different formed bodies 
on whidi he wished to operate, and he observed the uniform velocities of the fly-wheel under the 
action of different weights. . He thought the influence of th9 friction of this apparatus might be 
overlooked, which has occasioned some uncertainty in his results ; for it is difficult to admit that, 
in dealing with so small a resistance, the portion of the motive weight engaged in overcoming the 
friction should not be comparable to that surmounting the resistance of the air. 

Borda placed in succession, at the ends of the arms of his apparatus, square surfaces of 9*56, 
6*88, and 4*25 inches at the sidee^ and set them in motion with weights of 8*8, 4*4, 2*2, 1*1, and 
0*5 lbs., and consequently with different velocities. From the dimensions and data relative to 
this apparatus, the author has calculated the resistances of the air corresponding with the different 
velocities, and the results expressed in yarda are given in the following Table : — 

BnuLTS or Bobda's Exphumentb upon thx Rxsistahoi of An. 



Sorfaoe of 9*ft91 inches each ilde, 
or of '0Y099 tqnare y)ud. 



RoIatAnoe 
of Air. 



lb. 
0- 16695 
0- 07895 
0*04168 
0* 02084 



Velodtta. 



yards. 

8-787 

2-690 

1-891 

1-334 



Sqnaretof 
VelociUeB. 



14*34 
7*237 
8*579 
1*780 



Sarfaoe of 6*S94 inchM e«ch side, 
or of '031B6 square Tird. 



Resistanoe 
of Air. 



lb. 
0*16713 
0*08356 
00416 
0*02083 
0*01036 



VelodtlM. 



yards. 
5*938 
4199 
2-978 
2-091 
1-382 



Sqosresof 
Velocities. 



85-26 

17-64 

8-86 

4-28 

1*91 



Soifkoe of 4-lSS Incbes «ach side 
or of '01402 square yard. 



ReslstADoe 
of Air. 



Ibi 
0*1592 
0-0796 
00399 
0- 01986 
0-00944 



VelodUes. 



yarda^ 

9053 

6-397 

4-505 

3-84 

2-252 



Squares of 
VelodUes. 



81-94 
40*93 
20-30 
10*14 
5-07 



If we represent these results graphically, in taking the resistances for abscisse, and the squares 
of velocities for ovdinates, we find all the points relative to the same surface are situated in a 
straight line, thus indicating that the resistance increases as the square of the velocity. The small 
extent of surfaces used by Morin could not manifest with certainty the existence of a constant term 
in the expression of resistance. 

Comparing these results with the formula B = E|Ay (expressed in yards and square yards), 
we have for Kj the following values : — 

Square of 9 - 585 in. or * 26575 yd., side, E| = - 1618. 
Square of 6*390 in. or 017716 yd., side, K,:^ 01472. 
Square of 4263 in. or 01181 yd., side, K| = 01382. 

The coefficient K, is for A in sauare yards, and Y in yaids. 

It is to be observed that Borda naving neglected the influence of friction, which increases with 
the resistance and the motive weights employed, the apparent diminution of the resistance for the 
smaller surfaces may be attributed to this cause. 

Experiments by M. TkHbavii upon Bodies in Motion in the ilir.— We are indebted to Thibault for 
numerous and very well executed experiments, published at Brest in 1882. He used for his 
experiments a fly-wheel with two wings, turning on a horizontal axle, and moved by a weight, 
which the resistance of the air itself soon rendered uniform. This very light wheel was composed of 
a steel axle 2 - 13 ft. in length by - 016 ft. square, terminated bv journals with a diameter of - 0082 ft. 
The arms of the fly were each formed of an iron rod 8*97 ft. long by 0*045 ft. wide in the direction 
of movement near the axle, and 0*016 ft. near the ends, with a constant thickness of 0*019 ft. in a 
direction parallel to the axle. The side of the arm striking the air was beveled. 

The wings were mounted upon the arms of the flyer, and at first directed in planes passing 
through the axis ; then by means of suitable arrangements they were inclined, 1st, in turning them 
arounid the radius : 2nd, in turning them round parallel to the axis, so that their direction left the 
axis either in the front or in rear. The inclinations thus obtained were varied at intervals of five 
degrees, and were carefuUv measured. The motion of the fan-wheel was produced in all cases by 
the same motive weight of 8*82 lbs., and the duration of twenty turns made with uniform motion 
was observed. 

Morin calculated the results of the experiments of M. Thibault, in applying the formula 

B = K/A + K,AV«, 
which represents, as we shall see hereafter, all the results of the experiments made at Metz. In 
flpivittg to the coefficient K/ relative to the constant resistance, inaependent of the velocity, the 
value E, = 0*08002 (units of yards), derived from tiiese experiments upon a fan-wheel, we are 
anabled to deduce the value en the coefficient E, dependent upon the velocity. The inclination 
>f the surface of the wings towards the direction of tne motion was also taken, by introducing in 
the second term of the formula, in place of the area A = 012323 square yard, its projection upon 
» plane perpendicular to the direction of the motion. 
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BlLPEBIUENTS OF M. ThIBAULT UPON THH ] 


Rbbistancb 


or Air. 




Inclina- 


Time of 20 


Velodlr 


Total 


Part of the 
resistance 


Kedstance 
proportional 


Ratio of the 
resistance to 


Projection of 
surfSsce upon 


Resistance per 
square yard 


tion of 
Surfaces. 


revelations 
of Wheel. 


of the 
Wingi. 


of each 
Wtog. 


izulenendent 

of the 

Velocity. 


to the square 

of the 

Velocity. 


the square 

of the 
Velocity. 


plane perpen- 
dicular to 
Motion. 


prqjected, 

and per yard 

of Velocity. 


9^ 


seconds. 


jards. 


lb. 


lb. 


lb. 


lb. 


sq.yard. 


lb. 


68-40 


2-752 


1660 


• • 





1563 


0-02068 


0-12828 


0-16737 


85 


6807 


2-765 


1658 


• ■ 





-1561 


0- 02041 


0-12278 


0-16619 


80 


67-90 


2-772 


O-IOBS 


• • 





1561 


0-02031 


0- 12139 


0- 16729 


75 


67-70 


2-781 


1658 


0-0097 





1561 


0-02018 


0- 11904 


0- 16958 


70 


65-56 


2-828 


1655 


■ • 





1558 


0-01948 


0- 11581 


1682 


65 


64-76 


2-906 


0-1655 


• • 





1558 


0-01845 


0-11169 


1651 


60 


62-47 


8014 


0-1651 


• • 





1554 


0-01710 


0- 10673 


1602 


55 


61 15 


3-078 


0-1648 


• • 





1551 


0-01637 


0- 10095 


0-1621 


50 


60-25 


8124 


0-1648 


• • 





1551 


0- 01588 


0-09440 


0-1682 


45 


56-75 


8-818 


01642 


■ • 





1545 


0-01408 


0-08714 


0-1610 


40 


52-83 


8-563 


1635 


• • 





1538 


0- 01211 


0-07921 


1529 


85 


48-50 


8-882 


1622 


• e 


0' 


1525 


0- 01011 


0-07084 


0-1428 


SO 


48-00 


4-878 


0-1602 


• • 


0- 


1505 


0-00785 


0-06161 


1274 


25 


86-75 


5 122 


0-1569 


• « 


0- 


1472 


0-00561 


0-05208 


0-1077 


20 


80-50 


6 178 


0-1549 


• • 


0- 


1452 


0- 00381 


0- 04214 


0-0904 


15 


24-50 


7-683 


01411 


• • 


0- 


1314 


0- 00222 


0' 03189 


00697 


10 


19- 


9-910 


0-1220 


• • 


0-1123 


0-00114 


0- 02137 


0585 



This Table contama the data of the experiments of M. Thibanlt, and the results of his calcu- 
lations. The figures entered in the Table show that the resistance to the square yard of surface 
projected perpendicularly to the direction of the motion, and per yard of velocity, where the value 
of the coefficient E) of the fbrmula, B = E| A V*, does not decrease so long as the angle of inclina- 
tion is not below from 50° to 60"^. 

Remarka upcn Wing^regtUaton and Windm^s, — ^It follows in the case of fan fly-wheels used as 
regulators of motion, where the wings are inclined and turn round the radius of the fly-wheel, that 
when the motive power is too feeble we do not have a diminution of resistance until the wings 
have passed the inclination of from 50° to 60° ; and as these regulators should also serve toprevent 
the acceleration of motion when the motive power increases, and consequently then afiord the 
greatest resistance, it would be well, in the normal state, to place them at an angle of about 85° 
with the plane perpendicular to the direction of the motion. 

It seems that something analogous to this is produced in windmills, the sails of which are, 
by some special mechanism, made to incline when the wind has acquired too much intensity. 

Experience shows, in fact, that this disposition, the aim of which is to check the velocity from 
being too greatly accelerated by the effect of squalls, does not fully attain its object, and that the 
mill, whose normal velocity is from five to six turns in one minute, by a good breeze from 16 to 19 feet 
of velocity per second, reaches that of from twenty-nine to thirty turns, and more, with greater winds. 

Experiments upon different formed Surfaces, — M. Thibault has successively repeated the same 
experiments with concave cylindrical surfaces ; he arrived at the' same consequences, and has esta- 
blished the fact that, with an equal projection of surface, upon a plane perpendicular to the direc- 
tion of the motion, the resistance increases gently with the curvature. 

As for hollow surfaces, with double curvature, such as frame surfSekces, the resistance incroases 
with the cuTvaturo, and more rapidly than in the preceding case. 

A comparison was made of the resistance offered by bent sails, with that experienced by plane 
sails with the same surface as that of the sails developed ; the two surfaces of folded sails were each 
0-1302 square yard, and the lower side was brought near the upper, as is usual with sails under the 
action of wind ; and Thibault found that the resistance of the bent surface was the same as that of 
the plane surface, notwithstanding the diminution of the projection of the flrst surface upon the 
direction of the motion. A comparison is thus made between the increase of the resistance due to 
the curvature, and the diminution due to the narrowing of the projected surface. 

This conseauence is important, inasmuch as it facilitates the applications relative to the action 
of wind upon the sails of vessels. 

Influence of the Indination of the Wings, — ^It was found that when the vanes are inclined so that 
the axis of rotation is found in front of their plane, in regard to the direction of motion. Fig. 145, 
the resistance diminishes rapidly as the inclination increases, and tbat at the inclination of 55° it 
is not more than 0*5715 of tne perpendicular resistance; while when the axis of rotation is found 
behind the plane of the wings, the resistance goes on increasing even up to the angle of 55^, Fig. 
146, for which it is equal to 1 -2293 times the perpendioubir resistance. 

us. 






These results show that this mode of inclining the vanes of fly-regulators answers readUy the 

Sroposed purpose, since in disposing them so that the vanes may be inclined at will in either 
irection. Fig. 147, the resistance experienced may be rendered greater or less, aoooiding to the 
necessities of the case. 
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The same czpcrimenis, repeated upon carved surraces, with different degrees of inclination, baro 
led to similar consequences, while indicating a still greater intensity of resistance than is experienced 
by plane surfaces. This explains the advantage which navigation derives from the movements of 
rotation impressed upon sails parallel to the axis of the masts. 

Influence of the Approximation of the Surfaces which are exposed to the JResistance of the Air. — M. 
Thibault has also made some experiments to ascertain whether two equal surfaces (placed one 
behind the other, a very small distance apart) experience a less total resistance than when i:iolntr>d. 
For this purpose hfi mounted upon his ny-wheel four wings, placed in pairs, the one behind the 
other, at a distance which he has not given, and he found for the case upon which he operatc'd 
that the resistance of the posterior was not over ^ of that of the anterior surface. This ri'sult, 
which can be applied to railroad trains, is important, ami it was desirable that more complete 
experiments should be made upon this subject. See Dvnamometsr, Hailway Car, 

Influence of the Form of Surfaces, — The same experimenter having placed at the extremities of 
his fly-wheel various surfaces of the same area, but of which two were square, two circular, nud two 
in the form of a right-angled triangle, so that the centre of their figure was in all cases at tbe same 
distance from the axis, has observed that under the action of the same motive weight the tiy-wbeel 
took, in 3ll cases, the same velocity, which shows that the resistance is mdependent of the form of 
the plane surfaces experimented upon. 

Seiistance of Air to the Motion of Spherical Bodies. — This particular case, which is of special 
interest in the studv of the motion of projectiles in the air, has for a long time occupied the 
attention of philosophers and geometricians. Newton was the first to experiment upon this subject, 
in observing the fall of spherical bodies. Hutton and other observers have studicxl this resistance 
in the case of small velocities, by means of a rotating apparatus ; and more lately the latter, in 
comparing the velocities of projectiles at different distances irom the piece of ordnance, has 
extended his researches to great velocities. 

Here, however, we limit ourselves to indicating the results more especially applicable lo 
industrial questions. 

From a summary of Newton's experiments upon the fall of glass globes in air, with 'velocities 
comprised between zero and 29 * 528 feet per second, at a mean temperature of 53 * 6^, and at a pressure 
of 2*16 feet, the value of the coefficient Kj was about 0*0007137, so that the resistance experiei|ced 
by spheres moved in the air, at velocities comprised within these limits, would be 

B=00007137 AV»=0-0007137 JT273 y\ ^ot units of feet; 

or B = 005781 AV»=0'05781 ^273 '^j ^<» ^^^ 0^ y«^« J 

but in great velocities the coefficient of the resistance increases with the velocity ; and after a 
discussion of Button's experiments, and tliose of the Commission at Metz, General Piobert lias 
proposed, for a representation of the law of the resistance of the air to the motion of projectiles, the 
formula 

B = 003546 AV (1+ -002103 V), units of yards, 
B = • 00043778 AV« (1 -|- • 0070102 V), units of feet ; 

which would indicate that, with these velocities, the expression of the resistance must contain a 
term proportional to the cube of the velocity, and that the constant term ib without a sensible 
influence. 

Experiments at Metz upon Bodies moving in Air, — Numerous experiments, with the joint labour of 
MM. Piobert, Didion, and Morin, were made at Metz in 1835 and 1837, which were more par- 
ticularly made by M. Didion, in which they made use of chronometrio apparatus to observe the 
law of the descent in air of different formed bodies, and of different dimensions. These experiments 
were made where the experimenters could avail themselves of a vertical fall of 46*916 feet. 

The bodies employed were suspended upon a silk cord, wound round a pulley, which in its 
motion bore a style whose trace upon the plate of the chronometrio apparatus, impressed with a 
known uniform motion, and observed at every experiment, furnished tne law of motion of the 
descent of the body. 

Special experiments were made to determine the passive resistances of the apparatus, to keep an 
account of them in the calculations. 

Without going into a detailed discussion of the results, and the tests applied to them, we simply 
indicate the method adopted for the calculations. 

MM. Morin, Piobert, and Didion, from their experiments upon the resistance of water, concluded 
that in the expression for the resistance of fluids tnere existed a constant term, and that of a term 
proportional to the square of the velocity. This conclusion was confirmed by the experiments which 
they made upon the resistance of air, obtained from uniform motion. 

A first series of experiments, made upon a thin plate 1 '267 sq. yd., gave for the expression of 
the reostanoe of the air, 

B = 006631b.A + 01372Ay3: in units of yards ; 

but aa the fall of 46*9 feet was not sufficient to give at the end of it a strictly uniform motion, and 
as we shall presently see that the reedstanoe in variable motion must comprise a third term 

dependent upon the acceleration -7- of motion, it follows that the term 0*1372 AV, which comprises 

implicitly this third term, is a little too great, and should be diminished. 

The existence of a constant t€arm in the expression of the resistance was manifested m thd 
experiments made upon a wheel with wings 1*09 yd. internal diameter, bearing square wings 
0*2187 yd. by 0*2187 yd., twenty in number, presenting thua a total surface of 0*9568 sq. yd. 

r 
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T]io resnlts of these experiments were very exactly represented in the case oi uniform motion hj 
the formula 

B = 0008892 lb. A + 0001907 AVs- in units of feet, 
and 

R = 008002 lb. A + 01548 AY^; in units of yards, 
as may be seen in the following Table, in which the values found, at different uniform velocities, for 
the coefficient of the term proportional to the square of the velocity are very nearly constant. 

EXFEBIMEMTS UPON THE BeSISTANCE OF AlR TO THE MOTION OF A WhEEL "WITH PLAKE 

Plates. 



Uniform velocity of the centre j ,' 7^ 
of resistance of wings, in> 2*89 
yards per second 

Besistance of wings reduced 
to the mean density of the 
air 

Coefficient E, of the square of 
the velocity 



lbs. 
1-338 



15818 



v^ 



yds. 
411 

lbs. 
2-602 

-15618 



yds. 
517 

lbs. 
3-941 

•15077 



yds. 
5-89 

lbs. 
5 183 



15355 




MeanK, =-1548 



Velocity answering to the for- 
mula 



} 



yds. I yds. 
2-918 4-129 



yds. 
5108 



yds. 
5-87 



yds. 
6-58 



yds. 
7*25 



yds. 
7-83 



I 7^ 
8-37 



A review of the coefficient gives slight variations from those recorded by Morin, the mean of 
which would be Ej = 0*1004 instead of 0-1002. 

This comparison of the results of experiments with those of the above formula show within 
what limits of exactness the latter represents the real effects. 

Method of Reckoning the Effects of Acceleration. — It has been already shown that in elastic fluids 

the resistance must depend upon the acceleration of motion ; and if these considerations are admitted, 

it follows that the resistance of the air in variable motion must be represented by a formula of the 

form of ^ c 

B=E/A'+EiAVHE,A y . 

The experiments upon uniform motion having already furnished the approximate values of E/ 

and El , it remains to find that of E, , or rather the term E, A -j. 

Without going into the details of the calculations, we limit ourselves to pointing out the method 
followed, since it shows a remarkable example of the advantages to be derived from a graphic 
representation of the law of motion. 

In the actual case, this law being represented by a continuous curve, whose abscisses indicate the 
number of turns, or the spaces described, and whose ordinates express the times, it is clear that for 
one of these tangents, M P, for example. Fig. 148, the ratio of X P to M N, in the triangle MNP, will 
be the same as that of « to f, representing by e the infinitely small increase of the abscissa in passing 
from the point M to the infinitely near point M', and by t the corresponding increase of time or of the 

e 
ordinate : this ratio 7 of the elementary path to the element of time in which it was described is 

precisely what is termed the velocity, which we express by the relation Y = -r ! <u^<^ ^^ b^ ^^^ ^0 

may by means of the graphic trace of Fig. 148, form a table of the simultaneous values of the 
times and velocities, and so construct a new curve, whose abscissiB shall be the times T, and whose 
corresponding ordinates shall be the velocities Y. 

This new curve, Fig. 149, yields to analogous considerations; the tangents, at the different 

points, give us the ratio ^-q, which is equal to the acceleration 7-, v being the elementary increase 
of the ordinate or of the velocity Y, and t being always the elementary increase of the time. 





P E H 

Ck)nsequently, knowing at each instant the total resistance B, or the portion of the motive effort 
employed in overcoming the resistance of the air, as well as the coefficients E/ and Ej , we may 

calculate the term E, A ^ and so deduce the value E, . 
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ThiB pzooefiB may be abridged by operating upon that part of the cnrye rdating to the end of 

the fall, sinoe the variations of inclination of tne tangents of the first curre are so small, that 

E-E' 
instead of tracing them, we may determine them by the yalue of the quotient ■ irp_q-'* of the 

difference of two consecutive spaces divided by that of the corresponding times. 

This ingenious mode of discussion led M. Didion to assign tc tlie coefficients of the formula, 
which represents the law of the resistance of air to the accelerated motion of descent of a plate 
1 ' 196 sq. yd. of surface, the following values : 

R = 006683 lb. + 0-1295 V^ + 0-27652^» 

which is reduced in case of uniform motion to 

B = 006633 lb. + 01295 V», 
for one square yard of surface, V being in yards. 

Proof of the Exactness of this Formula. — ^To show, a posteriori, that this formula, composed of three 
terms, represents the law of the resistance in accelerated motion more exactly than those which 
only coni^n a term proportional to the square of the velocity, or two terms, the one constant, and 
the other proportional to the square of the velocity, M. Didion has first sought for the values of the 
constant coefficients which it was proper to admit for each of these formuLe, so as to render them 
as exact as possible, and, after having found them, he calculated, by a very simple analytical 
method, the values of the times corresponding to the regularly increasing spaces described by the 
bodies, such as would be fumlBhed by these formulsB, and he has compared them with the real 
times furnished by the curve of the law of motion. From the results of this comparison, which for 
one particular case are entered in the following Table, we see that the formula with three terms of 
resistance, represents, quite truly, the law of accelerated motion of the descent of a body in air, 

while the suppression of the term depending upon the acceleration -j does not admit of so exact a 

representation of this law, even in determining the coefficients so as to reproduce the calculated 
duration for one of the spaces, and that is also the case when we suppress the constant term. 

The only results inserted in the Table are those of an experiment, during which the temperature 
was at 62^*24' (Fah.) and the barometric pressure at 2*465 feet of mercury. 

CoMPABisoN or Times and Yklocities of the Fall of a Plate One M^^tre Squabb 

= 1*196 Sq.Yd., Obsebved and Calculated. 



deacribed. 













1 
1 
1 
1 
1 
2 
8 

i 
5 
6 
7 
8 
9 



yds. 
•0999 

1993 
-2998 
-399^ 
•4809 
•6997 
-6996 
•7996 
•8995 
•9995 
-2018 
-3998 

5988 
•7990 
•9991 
-9987 
•9919 
•8098 
•9974 
•9970 
•9966 
•9962 
•8133 



Ofaaerved 
DunttoDS. 



•econds. 



















1 
1 
1 
1 
1 
1 
1 

2 



•176 
•254 
■306 
•359 
•400 
•428 
•474 
•508 
•537 
•566 
•619 
•679 
•725 
•771 
•815 
•013 
•187 
•346 
•493 
•636 
•771 
•910 
•034 



Observed 
Velocities. 



yds. 









607 
6*50 
6*91 
7-25 
7-50 
7-60 
7^62 



DUBATIOin OALCULATSD BT 1HB FQBXUIJB 



1 



( 


Ci) 




Ca) 


R = 0'66 + 




0-129VS + 


K«0066 


0-aT6 J 


•1- 0*166 73 


seconds. 


seconds. 





178 


0' 


•160 





253 





227 





310 





278 


0' 


-358 





322 





-400 


0- 


360 


0- 


-428 





394 





473 





419 





-506 





460 





536 





488 





566 





-518 





-622 





570 





-679 





619 





723 





665 





•771 





710 





-820 





-748 




•013 





947 




•186 




123 




346 




289 




497 




452 




639 




-607 




•776 




-760 




•912 




'912 


2042 


2-062 



(3) 

lb. 
R SB 0*2076 VS 



seconds. 




















1 
1 
1 
1 
1 
1 

2 



■160 

-226 

•277 

•321 

•358 

393 

•417 

•457 

•487 

515 

567 

•617 

•663 

707 

746 

•943 

•120 

•287 

•451 

•606 

•760 

•912 

•064 



Veloclttes 
cslcwlstpd 

by 
fonnula 

(0. 



yds. 



« ■ 
• t 



3-46 
5-46 
6 05 
649 
6-86 
714 
737 
756 
7-69 



Influence of the Extent of Surfaces. — To establish this influence, M. Didion used a square plate, 
each side of which was 0'M68 yd., and so having an area of 0^299 sq. yd., or equal to a quarter of 
that of the first plate. In calculating the time of the fall by the same method as for the plate' 
of 1 ' 196 sq. vd., and by means of the same formula 



R = / 0066381b. + 01296 V* + 0276 j } A yd. 
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he found between the resnlta of observation and those of calculation a coincidence quite sufficient to 
permit liim to conclude that, between the extended limits in wiiich he had operated, the resistance 
of the air is proportional to the extent of the surfaces. The temperature and barometric Dressiure 
were sensibly the same as in the experiments above referred to. 

Comparison of Times and Spaces described in the Fall op a Plate of 0*299 Sq. Yd. 

Surface, fro3I Observation and Calculation. 



Spaces 
described. 


DUBATIOX. 


Spaces 
deacribed. 


DUKATION. 


Spaces 
described. 


DCBATIOV. 


Observed. 


Calcnlated. 


Observed. 


Galculated. 


Observed. 


CalcalAted. 


yds. 


aecondfl. 


seconds. 


yda. 


secondK. 


seconds. 


yds. 


fceconds. 


feeconds. 


0995 


0174 


0-173 


0-8322 


0-490 


0-485 


4-809 


1-240 


1-215 


0-2001 


0-246 


0-242 


0-9000 


0-519 


0-515 


5-997 


1-361 


i-aso 


0-299G 


0-801 


0-297 


0-9995 


0-547 


0-543 


6-997 


1-476 


1-412 


0-4002 


0-356 


0-343 


1-993 


0-775 


0-767 


7-996 


1-586 


1-527 


0-4811 


0-387 


0-384 


2-998 


0-951 


0-939 


8-996 


1-693 


1-646 


0-5993 


0-425 


0-420 


3-998 


1102 


1085 


9-546 


1-799 


1-738 


0-6999 


0-460 


0-454 




1 











Consequence of these Hesuits. — ^We see by this Table that the calculated times of the falls are 
sensibly the same, though a trifle less than the observed times, which shows that if the coefficient 
of resistance varies with the extent of surface, it tends to diminish with the diminution of surface, 
rather than to increase, as some authors have concluded from experiments made by observation of 
tlie motion of rotation. 

In recapitulatint)^, we may, without fear of notable error, admit in practice that the resistance 
of the air is proportional to the extent of the surfaces. 

Experiments upon Parachutes, — One of the most useful questions among our researches upon the 
resistance of air which our means of observation enabled us to resolve, was an exact determination 
of the resistance experienced by parachutes. Their concave form causing, with the same surface, a 
marked increase of resistance, it was easy, in this case, to obtain a uniform motion of descent, 
which was indicated by the curve reprcsentiDg the law of motion, which in this case degenerated 
into a straight line, whose inclination furnished the value of the uniform velocity. 

The parachute emploved was composed of a frame of whalebones, disposed into four equidistant 
meridian planes, fastened upon a common rod, and strengthened by stays. This frame was covered 
with taffeta, strongly stretched, and it was suspended upon a rod, at the lower part of which was 
attached the additional weights. 

The exterior diameter of the parachute was 1-461 yd. measured perpendicularly from the sides 
of the polygon, and 1-312 yd. measured between the nearest points of the arcs formed by the rim. 
Its perpendicular projection to the direction of motion varied from 1-433 sq. yd. to 1-444 sq. yd. 
of surface. The versed sine of curvature of this parachute was 1 * 41 foot to the plane of the ends of 
the whalebones. 

A discussion of the experiments in which the velocity was uniform has shown that the resistance 
of the air to the motion of this parachute could also be represented by an expression composed of 
two terms, and that it was equal to 1 -936 times that of a plane of the same surface, that is to say, 
nearly double. 

It follows, from this, that it may be expressed by the formula 

B = 1 -936 A sq. yd. [0 06638 lb. + 0- 1295 V« yd.] = 
Asq. yd. (0 12851^+0- 2507 V«), 

for units of yards of surface and velocity, at the ordinary density and temperature of the air. 

Case ufhere the Parachute presents its Convexity to the Air, — In reversing the parachute, and causing 
it to descend with its convex surface downwards, a much less resistance was found, and equal 0*768 
of that of the plane surface with the same area. So that in this case the resistance is represented 
by the formula 

B = 0-768 A sq. yd. (0'066381b. + 01295 V^ = 
A (0-0509 lb.+0-0994V^. ' 

We see by this that the resistance of the same body varies in the ratio of 1*936 to 0*768, or 
from 2*5 to 1, according as it presents to the air its concavity or convexity. 

Case where the Motion of the Parachute was Accelerated, — ^In this expression of resistance we also 

admit the necessity of introducing a term dependent upon the acceleration of motion r, and this 
expression for the parachute employed is 



B= A (oi2901b. + 0*2513 V» + 0*2394 ^ \ 



in units of yards for area and velocity. 

A comparison of the observed times of the fall with those deduced from this formula has shown 
that it represents the circumstances of motion with all desirable accuracy. 

Resistance to the Motion of Inclined Planes in Air. — These experiments were made by means 
analogous to those above described, by causing to descend two jointed planes, 1 -0963 yd. long by 
0*5486 yd. wide, whose angles were varied, at intervals of 5% from 5° up to 180^, w}iere they form 
a single plane. The results regularly observed from 180® to 180° have shown that the reaistauce 
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proportionally with the angles, so that, calling a the angle of one of the planes with the 

direction of motion, the resistanoe was expressed for uniform motion by the formula 

B= ^ A (0-06638 lb. + 1295 V2),in unitsof yarda. 

A oomparison of the observed resistance with those calculated by this formula show a satis- 
lisctory agreement. 

COMPARISDN BETWEKN THB ObSEBYED AND CALCULATED BjESISTANCES, FOB DiFFEBBNTLY 

Inclined Planes. 



Angles fonned 

bj each of the 

Plajies with the 

Dlrectioo of 

Hodon. I ObKrred. 



Bedstmcea in the ntio to thoee 

of a Plane perpendicular to the 

Direction of Motion. 



o 
90- 

87-5 

82-5 

80- 



1-0000 
0-996 
0-865 
0-856 



Calculated. 



1-000 
0-972 
0-917 
0-889 



. 



Angles formed 

by each of the 

Planes with the 

Direction of 

Motion. 



O 
77-5 

70- 

67-5 

65- 



Resistances in the rsUo to tboM 

of a Plane perpendicular to ibe 

Direction of Motion. 



Obaerved. 



0-846 
0-773 
0-737 
0-728 



Calculated 



0-861 
778 
0-750 
722 



It should be remarked that these results relate to the case of two equal and jointed planes, 
moved in the air, with the edge of intersection in front, and are by no means applicable to the case 
of isolated planes. 

The law of the yariation of the resistance proportionally to the angles is also that which these 
experimental philosophers found for water, in operating upon cones of different acutencss. 

General Ccnclusiona from the Experiments at 3fetx. — In conclusion, the reported experiments which 
have been made with chronometric mechanism, giving the times, to nearly some thousandtha of 
seconds, and the velocities acquired at any instant nearly to a hundredth, in observing the law 
of descent in air of different sized plates, of two plates inclined towards each other, and tliat of a 
wheel with wings, for which the velocities have not exce^ed from 29 to 33 feet a-second, have 
oooducted us to the following conclusions : — 

Ist. In the uniform motion of a body in air, the resistance experienced is proportional to the 
extent of its surface, and to another factor composed of two terms, the one constant and the other 
proportional to the square of the velocity. 

As it was easily foreseen that the number of molecules of the air shocked by the displacement 
of the body must increase in the same ratio with its density, the general expression of the resistance 
should contain a factor relative to this density; so that calling d the density of the air at the 
temperature and pressure observed, and di its density at 50^ (Fah.) ond at 76 centigrades (or 29*92 
inches) of barometric pressure, and preserving the preceding notations, this resistance is reprebented 
by the following formulaB : 

Thin plates perpendicular to the direction of motion R = A ^ / • 066 lb. + • 199 V« | 

Parachutes R = A ^ |o-1291b. +0-251V»| 

Parachutes reversed, .. .. .. .. B = A-^ |o-0511b. + 0*994 V^ | 

Two jointed pktes, inclined towards each other .. R = A y ^ 1 0-0661b. + 0129 V^ \ 
The wmgs of a fan-wheel ^ = -A. 7" { 008002 lb. + 01545 V2| 

It may be observed that this last formula accords in a satisfactory manner with the results of 
H. Thibaulfs experiments. 

2nd. In accelerated motion we must add to the preceding expression a term proportional to the 
acceleration of motion, and the resistance is then represented by the following formula) : 

ThinplatesperpendiculartothedirectionofmotionBsrA j|o-0661b. + 0-129V«4-0-276 ^ | 
Parachutes R=A |-| 0128 lb. + 0*251 V-4- 02394 ^ | 

With respect to the various modes of ascertaining the velocities of currents oi air in mines, in 
order to determine the quantities circulating in a given time, we extract the following, on the 
nature and use of anemometers, from a paper by John J. Atkinson and John Daglish, published 
in the *■ Transactions of the North of EngUnd Institute of Mining Engineers :* — 

In the ventilation of mines, great advantages are well known to arise from dividing the air into 
a series of currents or splits ; and its proper distribution amongst these is an object of very great 
importance, because upon it depends, to a certain extent, not only the actual amount of the gross 
quantity that will be put into circulation, in a given time, by any ventilating power that may be 
employed, but also the relative decrees of safety and salubrity that will prevail in the different 
disfariicts into which the mine is divided* 
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In Older to effect this distribation of the air in such a maimer as to obtain the most efficient 
general ventilation, and, at the same time, to allot to each district or split its proper share or 
proportion of the whole, it is essential to have some satisfactory mode of ascertaining the velocities 
of the currents, and the quantities of air circulating in each of the spUts in the unit of time. 

The various methods that have been employed for this purpose may be divided into three 
groups. 

First. — By travelling at the same velocity as the current, and noting the distance passed over 
in a imit of time. 

Second. — ^Determining from observation the rate at which small floating particles are carried 
along by the current, and assuming their velocities to be identical with that of the air-current 
itself. Smoke from exploded gunpowder, burning turpentine or amadou, small pieces of down, 
and small balloons filled with hydrq^, have been all more or less employed for this purpose. 

Third. — By using anemometers, or apparatus of various forms ; and these mav be divided into 
three classes : — (a) Anemometers having vanes or wands, made to revolve by the current of air 
impinging upon them, the rate at which they revolve being indicated by pointers on dials forming 
a part of the instrument — the pointers being made to revolve by means of wheels oonnectiug them 
with the axis of the vanes or wands. The anemometers of Combes, Biram, Whewel, Osier, and 
Robinson, are instances of this class of instruments now in use in this oountry, all of which require 
a correction for friction. (6) Instruments which are affected by the force or impulse of the wind, 
without being subjected to any continuous revolving motion, such as Dr. Liind's, Henaut's, 
Bougier*s, and Dickinson's anemometers, (c) Anemometers of a more complex character, such as 
Leslie's. 

First Group. — Perhaps the primitive mode of ascertaining the velocity of currents of air in 
mines was that of choosing a pui of the gallery forming the air-way having as uniform sectional 
dimensions as could be found, and after measuring off a distance of 100 to 150 yds. in length, 
taking a lighted candle and walking in the direction of the current, holding the flame in such a 
position as to be fully exposed to the influence of the current, but taldng care to walk at the par- 
ticular rate recj^uired, to cause the flsjne to bum in an upright position, without being deflected from 
the vertical, either by the current or by the progress of the person carrying it. The time required 
to traverse the distance measured off, being noted by a seconds' watch, enabled the average rate 
of walking to be determined ; and the average rate so found, from three or four trials, was assumed 
to be the velocity of the air-current ; and this, multiplied by the average sectional area of the part 
of the air-way selected for the experiment, was taken to represent the quantity of air passing in 
the unit of time. Formerly, when this mode of measuring the air in mines was in use, it would 
afford a close approximation to the truth ; but, with the ventilation now existing in many of our 
large mines, it would not be practicable to walk as quickly as the currents travel in the principal 
splits ; and running is not a sufficiently steady pace. One of the objections to this, as well as to 
all other methods that require a considerable distance to be traversed, over which to observe the 
velocity, is the difficulty of obtaining a gallery of equal area throughout, over a sufficient distance ; 
but in cases where this is attainable, this method admits of great accuracy for velocities up to 
400 feet per minute ; Atkinson and Daglish state that they have been able to obtain as accurate 
results by this method as by any other, as can be seen by referring to Table I. and Fig. 149. In 
Fig. 149, and in the other figures employed for the like purpose, the bent or crooked lines are 
obtained by taking the actvuil velocities of the air-currents (ascertained as hereafter described), 
and the revolutions of the anemometer, or other indicated velocities, as co-ordinates. If the 
indicated velocity were the same as the actual velocity, a line drawn through the points where 
they would intersect each other in the diagrams, would exactly coincide with the simple straight 
diagonal ; but as the one exceeds the other, so the crooked lines drawn through their points of 
intersection depart more or less from the diagonal. 

The close approximation of this line to the diagonal shows that great accuracy can be attained 
by walking with a lighted candle. It ought, however, to be mentioned that the place where the 
experiments were made was in all respects suitable, and specially adapted for the purpose, being 
perfectly level, and of an accurately uniform sectional area throughout the whole oistance of 200 
feet. 

Second Qroup. — One of the principal of the second group of modes employed for the measure- 
ment of air consists in observing the velocity of the smoke from an exploded charge of gunpovrder 
in a part of the gallery of nearly uniform sectional area ; and this, until recently, was the means 
most generally f^opted in the coal mines of this oountry for ascertaining the velocity of air- 
currents ; and although it has of late been largely superseded by the use of Benjamin Biram's 
anemometer, the practice is still in considerable use, and, so far as regards shaft velocities, remains 
the only method. It is, therefore, desirable to ascertain how far the results obtained by this and 
similar methods of measuring air-currents can be relied upon for accuracy, and to investigate the 
various sources of error connected with them, with a view of either avoiding or making proper 
allowances for their effects, so far as may be practicable. 

The sudden explosion of g^unpowder in tne confined passages of mines produces several effects, 
which tend to cause inaccuracies in the results obtained by noting the passage of the smoke as an 
index of the velocity of the current. 

Experiments prove (as indeed might have been anticipated, considering the small quantities 
of gunpowder used) that in general neither the increase of bulk due to the introduction into the 
current of the products of coi^iw^'on, nor that due to the elevation of temperature^ have any appreci- 
able effect on its velocity. But other experiments show that the force of the explosion^ when a 
considerable quantity of gunpowder is u»Bd in a feeble current, gives an impulse to the current, 
and creates a velocity in excess of the normal one. A revolving anemometer was placed in an air- 
passage traversed by a feeble current, so regulated as to be just strong enough to produce thirty 
revolutions of the instrument a*miQate. The explosion of a cubic inch of gunpowder at a distance 
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of 70 feet did not in any way affect the instrnment ; but wlicn the chaise of gnnpoTrder \mB 
increasecl to 20 cubic inches, the ezploBlon caused a sudden and violent increase of its rate of 
revolving, acting as a temporary impulse, the revolutions very quickly decreasing to the original 
number again. The same effect is also clearly shown in the second series of experiments, page 77. 
The amount of error arising ^m this source, and which tends to increase the apparent velocity, 
depends on the quantity of gunpowder used, the sectional area of the air-way, and the velocity of 
the current,— increasing with the quantity of gunpowder employed, but decreasing as tlie sectional 
area of the air-way and the velocity of the current are increased, so that the explosion of a large 
quantity of gunpowder in a feeble current of air passing over a short distance in a gallery of small 
sectional area will be attended with the greatest errors; but as, under the ordinary conditions of 
the currents and air-ways of mines, 1 cubic inch of gunpowder does not give rise to any sensible error 
from the cause alluded to, and as it affords sufficient smoke to be readily observable at a distance 
of 200 feet, that quantity has been adopted as a standard, and used in Uie experiments made by 
Atkinson and Daglish. 

It appears iooe very desirable that a standard quantity of gunpowder should be employed in 
all cases, whether in the ordinary measurement of air or in conducting experiments, to enable com- 
parisons to be made, as anv variation in this respect will give rise to discrepant results. 

If a charge of gunpowder be exploded in an air-current, and the velocity of its smoke be timed 
over a series of consecutive and equal distances in an uniform air-wav, it will be found to be appa- 
rently most rapid near the point of ignition, and to decrease gradually as it flies to a greater 
distance from that point. This is a most serious source of error, and may be regardcnl as fatal to 
the accuracy of this method of determining the velocity of a current of air. 

The following experiments, selected from many others giving similar results, establish what 
nas been just stated. 

The charge in each of these experiments was 1 cubic inch of gunpowder, which was exploded 
10 feet to the windward of the commencement of the first space, or interval of 25 feet, and the 
time was noted when the smoke reached the commencement and also the end of each of the two 
intervals of 25 feet, into which the total distance of 50 feet was divided. 

Equal Quantities of Guvpowdeb at Dittebent VELoaTiES. 

Time In paaalng Time in pMsing 

over Flnt Interval orer Second Interval 

of 26 feet of 2fi feel 

15" .... 21" 

12f' .... 15J" 

. • « • 0^ 



• . • « 



Total Time. 


Average Velocity of the 

Air-current, as indicated by 

the Smoke. 


36" 


.... 83 feet a-minute. 


28" 


107 „ 


I5J" 

lOJ" 


. • • • Ltfij „ 

.... ^oO 1, 



In the above experiment it will be noticed that in all cases the time occupied in passing over 
the second interval is greater than that occupied in passing over the first ; and it is further observ- 
able that this difference decreases as the velocity of the air increases. At the low velocity of 
83 feet per minute the times are 15" and 21", being a difference of 40 per cent, of the lesser time ; 
whilst at the higher velocity of 285 feet a-minute, the difference between 5" and 5}" only amounts 
to 10 per cent. 

The charge of gunpowder, in the two following series of experiments, was varied iu quantity, 
and explodecf 20 feet to the windward of the first interval; the time being noted, as before, when 
the smoke reached the commencement and also the end of each of the two intervals of 50 feet. 

Diffebent Quantities of Gunpowdeb and Equal Velocities 

First Series, 













Averaiie Velocity of Air- 


Quantity of 
Gunpowder. 


Time in paasing 
over Firat Interval 


Time in paaaing 
over Second Interval 


Total Time. 


current, as indicated 
by tbe Smoke, In 




of 60 feet 


of 60 feet. 




feet a-minute (pre- 


Cubic Inches. 










aumed average). 


1 


. ■ •• 


87" 


.• 45 •* .. 


82" 


75 


4 


• . • • 


27" 


85" 


62" 


. • • . , , 


20 


• • •• 


15" 


. . Z^ .... 
Sec(md Series. 


89" 


.... It 


1 


. • •• 


5" 


. . V .... 


10" 


600 


4 


. • . . 


6" 


• • v « ■ • ■ 


10" 


.... , , 


20 


. t « • 


4" 


5" 

. • V .... 


9J" 


.... , , 



It will be observed in these experiments :— 1st. That in a slow onnent (75 feet a-mtnnte), witli 
20 cubic inches of gnnpowder, the time ooonpied by the smoke in passing over the second interval 
of 50 feet waA 60 per cent, more than it occupied in passing over the first interval of 50 feet, 
ahowing that the apparent velocity gradually aecreased. These experiments further show, that 
this gradual loss of velocity is greatest where the charge of powder employed is greatest. 2nd. 
That the apparent velocity, and, therefore, the apparent quantity of air, is more than doubled 
(being in tne proportion of eighty-two to thirty-nine) with the low velocity, by using 20 cubic 
inches of gunnowder instead of 1 inch. 8rd. That these discrepancies are by far the greatest at low 
yelodtiea, and are hardly apparent at high velocities, as will oe seen by the second series. 

The smoke resulting horn the explosion of gunpowder is not of the same density as the air- 
ounent. This has been observed by previous experimentists, and has been confirmed by Atkinson 
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and Di^lish, by gnbstitnting turpentine smoke, which can be observed at a distance of 50 feet, but 
which dissipates, and cannot be accurately observed at 100 feet. 



OvB Cubic Inch Ochpowdbb. 
First Interval Second Interval 



TotaL 



of 25 feet 




of 25 feet. 




17 


+ 


21 


88 


13J 


+ 


16i = 


80 


7 


+ 


9 


16 



ru 

First Interval 
of25fiQet 

11 

10 

8 



Seoood Interval 
of 25 feet. 



+ 
+ 
+ 



14 

12 

8 



Total 

25 
22 
16 



It will be noticed that, whilst gunpowder smoke required 88 ', 80", and 16" respectively to 
travel a distance of 50 feet, in a current having the same velocity, turpentine smoke required only 
25", 22", and 16". But it may be observed that experiments made wiui turpentine smoke are very 
unsatisfactory. The turpentine cannot, like gunpowder, be ignited in a lar^e quantity simultaue- 
ously, but resembles more the ignition of a train of gunpowder ; added to this, the resulting smoke 
is very difficult to discern, and is soon dissipated. 

Experimentists who have written on this subject have also noticed another source of error in 
all currents, especially in the more feeble, in the eddies and streams of varying velocity wliich 
almost always exist ; and when any small particles or light bodies are introduced into the currents, 
a part of them get into the axis of greatest velocity, and give a result higher than the average ; 
other portions fly too slow ; and even on the average of the first and last particles traversing the 
distance, the reaults are too low. 

Similar remarks are applicable to the use of smoke ; at least Mons. Jochams (* Annals des 

Travaux Publics de Belgique,' vol. ix.) came to these conclusions on comparing the results of his 

experiments by these modes with the corresponding and simultaneous observations made with 

Combes* anemometer. The results of his experiments, indicating the distances traversed per 

' second by. the different agents, are given in the following tabulated form': 



f 


Velodtles 
deduced 

£rom Mons. 
Cumbes' 

Anemometer. 


VjUiOGnTIS OP THK CUBBXNT OP AZB OBSBaVXD WITH 




• 


Powder Smoke. 


Axoadoa Smoke. 


Down. 




First of 
Smoke. 


Average of 
Smoke. 


First of 
Smoke. 


Avenge of 
Smoke. 




Metres .. .. 

„ 
„ 


4-84 
1-53 
2-34 


1*67 . 
2-78 


1-25 
200 


1-56 
2-50 


i-i9 

2-00 


4-31 



In reference to the down especially, if it got out of the axis of the air-way where the most rapid 
current prevailed, it adhered to the damp walls of the gallery, and was, consequently, gi'^tly 
retarded. 

The various sources of error connected with the use of gunpowder smoke are given in the 
followiug tabular form : — 

Causes of Erbqb in Expeeumentino on the Yelocitt of Aib-Cubbents in Mines, 

by means of gukpqwdeb suoke. 



1. — ^The expansion of the whole 
column of air, by tlie addition to it 
of the results of tlie combustion of 
gunpowder, and by the heat de- 
veloped {of slight mixfjnitude). 

2.— Tho explosive force of gun- 
powder {of considerable magnitude), 

3. — Diffusion or deposition of the 
smoke. 

4. — Eddies and currents. 

5. — The density of the smoke. 



Effect, 

A 1 . — The conversion of a small por- 
Tending to increase I tion of solid gunpowder into gas. 
apparent velocity owing < 2. — Tho further expansion of 
to two causes, viz, : — I this, owing to tho high tempera- 

I ture of ignition. 

) Tending to increase tho apparent velocity, and can be 
avoided with care. 
\ Tending to decrease very considerably the fipparent ve- 
J locity. 

Giving rise to serious irregularities, materially affecting 
tho accuracy of the results. 



} 



Precautions to he used in Experimenting with Gunpowder Smoke, — By the use of fixed quantities 
and distances, and the avoidance of extreme velocities, an approximation to accuracy in tho measure- 
ment of air-currents by gunpowder smoke may be attained ; and the numerous experiments mado 
by Atkinson and Daglish suggest tho following precautions as being necessary : — 

1st. Always to use 1 cubic inch of gunpowder as a standard. 

2ud. Tho velocity of tho current never to be less than 100 feet a-minutc, nor to exceed 500 feet 
a-minuto. In order to attain this, a gallery of sudi area must be selected as will afford this 
velocity of current. 

3rd. Tho time not to bo less than twelve seconds, nor to exceed thirty seconds. 

4th. To explode tho gunpowder 10 feet to tho windward of the first mark. 

Therefore, in slow currents of from 100 to 250 feet per minute velocity, the distance to be taken 
over which the smoke passes will bo 50 feet ; and for tho higher velocities of from 250 to 500 feet, 
tJie distance will be increased to 100 feet. 
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The following Table of Experiments, made by timing gunpowder smoke, by walking so as to 
keep the flame of an exposed light in a vertical position, and by the use of a Biram's anemometer 
respectively, is given with a view of showing the comparative degrees of accuracy of tliese dibSerent 
modes of measuring currents of air ; and the results are graphically exhibited in Fig. 149. 

Tabls L— Exfezuments hade with Gunpowder Smoke, Walking, and an Anemoueteb 

(Bibam's G-inch) in the same Gubbekt of Aib. 



1 
2 
3 

4 
5 
6 
7 
8 
9 



GmrpowDKS Sxokb. 



Equal DlsUmoefl. 



60 feet 



AB. 






Feet B-minnte. 
125 
158 
166 
250 
285 
800 
353 
461 
545 



aoofoet. 



CD. 



Feet a-mlnate. 
100 
162 

214 

255 
307 
413 
500 



Equal Times. 



30 8eooa& 



EF. 



Feet agminate. 



171 
228 



263 

307 
428 
502 



WAumra. 



200 feet 



GH. 



Feet a'tnlnute. 
88 

162 



255 
307 
413 
500 



Akexombtes. 



Recorded 
KeTolttUons. 



Revolntiona. 
44 
90 
103 
188 
220 
233 
293 
407 
482 



Trne Velocities 

calculated. 

©=•97 R-HO, 

nearly. 

Feet agminate. 
83 
127 
140 
222 
253 
266 
324 
435 
507 



fJxplanation of Tdbh 7. and Fig, 149.— A B column. In those experiments the time diving 
which the powder smoke travelled a distance of 50 feet was observed, and from it the velocity per 
minute calculated ; thus, in the first experiment the time so occupied was 24", indicating a velocity 
of 125 feet per minute ; this is the ordinary mode of finding the velocity of air by powder smoke. 
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It will b^ observed that, owing to the distance travelled over by the smoke being short, the 
velocities of the smoke aro in excess of tho true velocities of the air. 

In column G D, the distance over which tho time of the powder smoke is noted is 200 feet 
instead of 50 feet ; and it will be observed that the apparent velocities here are less than tho true 
ones, excepting in tho two first experiments, where the contrary result is duo probably to tho 
explosive forco of the gunpowder in a feeblo current. 

Column £ F.— Experiments made by using "equal times " instead of "equal distances," and 
varying the distance, so that in each experiment tho titne of observation was as nearly aa possible 
tho same. 

Column G H. — Experiments made by walking 200 feet with a lighted candle, and noting 
the time, and calculating velocity per minute therefrom. 

Anemometer columns give the velocity as recorded on tho dial of a Biram's anemometer. These 
readings require correction by tho formula, for this instrument nearly, Y = * 97 B + 40, 
where V = the velocity of tho air-current in feet a-minute ; 

and R = the revolutions of the anemometer, as shown by the index on its dial, in the 
same time. 

These experiments were conducted with tho greatest care, in a gallery of a mine specially 
adapted for the purpose, by being made perfectly level, and of uniform sectional area ; during tho 
experiments the velocity was kept as constant as practicable throughout, by keeping the water- 
gauge of that })art of the mine at a imiform height. The observations were taken with a large 
seconds' watch, specially adapted to this purpose, and all experiments were repeated until a correct 
average could be obtained ; out oven under theso circumstances, which in general will not prevail 
for ordinary measurements in mines, great discrepancies are observable between the results obtuiiiod 
by timing smoke over equal distances, and those obtained eitlier by timing smoke during coual 
times, or over equal distances of diifercut lehgths: Doubtless such an omnirical rule could bo 
found for so regulating tho distance to l)e traversed, tho amount of })Owder to oe cx])kxled, and tlio 
duration of tho experiments, as that with great caro ncarlv accurate results coidd be obtained ; still 
the difficulty of obtaining galleries fully adapted for tho purpose, by their uniformity of sectional 
area, &c., and tho numerous chances of error in observation are so great, that it is most dcsirablo 
that there should be some more ready and accurate mode of ascertaining tho velocities of currents 
of air ; anemometers of various constructions liavo of lato been more or less employed for tho 
purpose, and it is therefore important to ascertain how far tho indications oi such instruments can 
be relied upon for accuracy. 
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Revolving Anemometers. — The anemometer most generally need in the ooal mines of England is 
that invented by Benjamin Biiam, shown in Figs. 150, 151, 152. It consists of a series of vanes, 
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D, E, Fig. 152, which resolve with the action of the aiivcurrent— the number of revolutions, or 
rather numbers proportional to the revolutions, being registered by pointers, P, on the face of a dial 
forming a part of the instrument itself. It ^^^ 

is made of three sizes, 4, 6, and 12 inches ; is 
very portable ; and is not, with proper care, 
liable to get out of order, especially the 
smaller size. A certain force of current is 
required to overcome the friction, and put 
the instrument into motion. The plate spur- 
wheel C, Fig. 150, as it moves in a horizontal 
plane, relieves the step B, Fig. 150, from 
undue pressure, and thus tends to lessen the 
amount of friction. Some of these instru- 
ments will continue to revolve in a current 
as low as 30 feet a-minute ; but with most of 
them a velocity of about 50 feet is required. 
Every one who has occasion to use this 
anemometer should be aware that it does 
not register the actual velocity of the air, 
especially in feeble air-currents, nor yet the 
number of revolutions of the wands, but only 
a number proportional to the latter; and 
although it is of great value, as indicating 
an increase or decrease in the velocity from 
time to time, such as the periodical variations 
in any particular current, it is of compara- 
tively little value, as generally used, for ascer- 
taining real velocities, such, for instance, as 
occur in changing or splitting air-eurrents, 
when it is of great importance to know the 
actual quantities. To obtain with this instrument accurate results, available for all purposes, it ia 
necessary, as with Combes* anemometer, to apply a formula to its recorded revolutions, or rather to 
the number indicated by the index, in order to ascertain the actual velocity of any current ; each 
particular instrument requiring special exi)criments to be made with i^ in order to determine the 
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▼alnc of the oonstants required to be employed in the formula. These oonstants remain the same 
for the same instrument, so long as it remains in the same condition, and are independent of the 
Telocities of the currents of air in which it is employed. However, it is necessary to state that 
these adjustments are carefully made by the principal manufacturer, John Davis, optician, Derby, 
who is a man of considerable mechanical skill. 

In anemometers made like tliat shown in Fig. 152, the mechanism, dial, and pointers are placed 
in the centre. The arrangement does not essentially difTcr from that shown in Figs. 150, 151. 
X Y is the cylindrical case in which the fan-wheel revolves, supported by the upright bars G, S ; 
U, handle by which the instrument is held. 

In FiCT. 150, 151, part of the mechanism is contained in a small box, Z, over the fan-wheel, 
which is thus allowed more play. A, F, are small, delicate axles, upon which are cut endless screws, 
A, F, which drive small wheels, C, D. 

The registering apparatus is in front of the wheel, and consists of sis small circles, marked 
respectively X, C, M, X M, G M, and M, the divisions on which denote units of the denominations 
of the respective circles ; in other words, the X index in one revolution passes over its ten divisions, 
and registers (10 X 10), or 100 feet ; the index, in he same way, 1000 feet * and so on up to 
10 million feet ; so that an observer has only to record the position of the several indices, at the 
first observation (by writing the lowest of the two figures on the respective circles between which 
the index points, in their proper order), and deduct the amount from their position at the second 
observation, to ascertain the velocity of the air which has passed during the interval. This, 
multiplied by the area in feet of the passage where the instrument is placed, will show the number 
of cubic feet which has passed during the same period. 

To ascertain the rate at which air is moving, proceed thus .'—suppose 100 revolutions = 200 feet 
per minute. 

88] 200 [2*27 miles an hour. 

To obtain the oonstants of this formula, as applicable to any particular instrument, it is 
absolutely necessary, in making the experiments, to raiow correctly uie true velocity, as a standard 
of comparison. As before explained, none of the ordinary modes employed for ascertaining the 
real velocities are reliable ; Atkinson and Daglish, therefore, had a Whirling Machine constructed, 
the wand of which, in revolving, described a circle of 25 feet iu droumference ; the number of its 
revolutions being indicated by a pointer on a dial. 

In the first instance, this Whirling Machine was turned by the hand, but as this did not give a 
sufficiently uniform velocity, a small drum, and a rope with a descending weight attached to it, 
was employed, to give motion to the machine ; and worked thus it gave ex^moly accurate results ; 
so far, at least, as regards the uniformity of its own velocity. By fixing the anemometer on the 
end of the wand, the velocity with which it passes through the air can be ascertained and com- 
pared with the revolutions of the anemometer, as indicated on its dial. Fig. 158 represents this 
machine. 

153. 




It has been stated by some writers that there is a difference between the force or impulse of air 
moving upon a body at rest, and the resistance which a body moving through a still atmosphere 
meets with in its passage, supposing the velocity to be the same in each case ; and besides this, tlie 
effect of a body moving in a circle, in a still atmosphere, may not be the same as when moving in 
a straight line. The experiments of Hutton and others appear, however, to indicate that the force 
of impact of a wind against a stationary body is always proportional to the resistance which a solid, 
moved through a still atmosphere, meets with at the same velocity. 
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Compariaon of Governors, — The following experiments wore made with Iho Whirlinj» Machine, 
and the resnlts are given both in a diagram, Fig. 154, and in a tabulated form, Table iL 
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Scale 40 feet a^minute, half an inch. 

In this diagram the different bent or crooked lines are drawn through the points fonnd by 
taking the actual velocities of the anemometer through a still atmosphere, and the numbers 
indicated by the pointers of the anemometer as being passed over in the unit of time, as the 
co-ordinates of a line or curve in each series of experiments made at different velocities under 
the same conditions, and with the same anemometer. A sufficient number of the co-ordinates are 
transferred from Table II. to Fig. 154, to connect the Table with the Figure. 

The anemometers at the commencement of the experiments were made to revolve by the 
Whirling Machine in a circle only 10 feet in circumference ; but as tlie rate of revolution appeared 
to be somewhat irregular, a flat board, intended to regulate the motion and render it uniform, was 
fixed at the end of the revolving wand opposite to that at which the anemometer was fixed ; and 
the experiments shown by the lines A B, C D, were made, the former with the regulating-board 
projecting downwards, and the latter with it projecting upwards, from the revolving wand. 

The discrepancies between these lines are so slight, that the mere position of the regulating-board 
does not appear to have any sensible effect ; the changes in the state of hibrication of the anemo- 
meter, and errors of observation, being sufficient to account for the slight differences that exit>t. 

The line £ F, in the same diagram, exhibits the results of certaiu experiments made with the 
same anemometer in the same sized circle, but without any flat board or governor on the wand ; 
and as these exporiments give results differing considerably from the two lines obtained with the 
governor on the wand, we infer that the governor really produces some effect. 

^ As, however, all the three lines are sensibly straight, the inference is that the effect does not 
arise from any greater uniformity in the rate of motion with, than exists without, the boanl; 
because so long as the lines are straight, it follows that an average speed, however irregular, 
would, on the whole, give the same general results as a uniform speed equal to such average; 
and hence we infer that the governor only produces an effect that is disadvantageous, arising 
probably from disturbing the Btillucss of the atmosphere in which the experiments are conducted. 
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On these considerations vo arc led to reject the experiments made with tho goyemors, and, so far, 
adopt those shown hy the line E P, in which no trovernor was naed. 

This view was partly confirmed on using a longer wand, and causin<? the anemometers to revolve 
in a circle 25 feet in circumference, in lieu of one of only 10 feet in circumference; as, under these 
circumstances, the irregularity of tiie rate of revolution is much less apparent. 

Thf> results of tho experiments give a straight line in the diagram, nnd lead to a formula of tho 
form of V = m E + a, the same as arrived at by M. Combes, where V = velocity of air U = 
revolutions of anemometer, or rather tlie numbers indicated by its index, in the uuit of time ; and 
m and a, constants, suited to the friction of the anemometer, the form of the vanes, and the density 
of the air. 



Table II. — ^Expebiments made with a 6-inch Btkam's ANESto^iETEB to ascertain the effect 
ov PLACING A Board on the end or the Wand of the Whirling Machine, to act as a 
Governor, the Circle described by the Wand being 25 feet in gircuiifebence. 
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The experimentB represented by the line E F in the diagram are fairly r^resented by the 
formula V = "9685 R + 40-5. 

The rejected line A B, in this diagram represents experiments made with an anemometer 
revolving in a horizontal circle 25 feet in circumference, through a still atmosphere, with a governor- 
board 2 feet in area fixed upwaids, at the contrary end of the wand to that on which the anemo- 
meter was fixed, and give rise to a similar formula, namely, V = -9197 R -f 40*5. 

While the rejected line C D, represents experiments made under similar conditions with the 
same anemometer, excepting that the governor in this case was turned downward, and give V= '9 R 
+ 45*3 ; so that, on the whole, Uie use of the governor appears to incr^ue the numbers indicated 
by the index of the anemometer, excepting, perhaps, at very low velocitieB. 



.^ 



^^^ 




4-lnch Binxn, 
y=-9678 R+-i7'M. 

The experiments from which this diagram was constructed are as follows : — 

Table IV. — Experiments made with the three sizes of Biram's Anemometers to asoeetain 
the ck)nstants m and a in the formula y = m r + a for each instrument, the true 
Yelooities beino ascertained bt passing the Anemometers through a still Atmosphere 

AT KNOWN YeLOCITIES BY THE WHIRLING MACHINE, IN A CiRCLE OF 25 FEET IN CIRCUMFERENCE. 
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(same as G D. 156, and A B. 158). 
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Comparison of Anemometers. — Fig. 155 exhibits graphically the results of experiments made with 
three Biram's anemometers of the different sizes, on the Whirling Machine, in a circle of 25 feet in 
ciromnference, without any governor. Wo observe that, for the ^inch and 6-inch anemometers, the 
lines are sensibly straight and the formula oonseouently simple, and of the form previously indi- 
cated. With the 12-inch anemometer, however, tne line is curved, and the formula complicated, 
and troublesome in consequence ; and, although the friction of this large anemometer is somewhat 
greater than that of the smaller ones, the difference iu this respect is trifling ; even the large 
instrument would apparently be kept in motion by a velocity of 64 feet per minute, or little more 
than 1 foot per second ; and as friction must be allowed for in all cases, its amount is of no great 
importance, within moderate limits. It is not very easy to account for the curvature of the line 
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given by the large instrnmentY when not obeerved in the smaller ones t may, however, arise from 
one of two causes, or possibly partly from both. The large instrument is moved sensibly quicker 
in the circle of revolution at its outer than at its inner extremity, while this difference of velocity 
in the two sides of the anemometer is less palpable in the smaller ones ; and this difference may 
tend to cause all the instruments to depart from the straight line, but from being less in amount 
with small instruments, may not be observable within the velocities attained in the experiments : 
or, apart from this cause, all such anemometers may give curved lines when plotted in this way, but 
perhaps <^uicker curves in large than small instruments : considerations as to strength, portability, 
comparative freedom from liability to derangement, and original cost, fdl appear to be favourable 
to the use of the 6-inch or 4-inch Biram anemometer, in pre&rence to the 12-inch ones. 

The constant multiplier, m, in these formnlsB — which depends to some extent, for its amount, 
upon the spur-gear, and the arbitrarv marks and numbers on the dial — is greatest on the 6-inch, and 
least in the 12-inch anemometer ; while in the smallest, or 4-inch, it is intermediate ; proving that 
it does not necessarily follow the size of the instrument, but really depends partly upon the condi- 
tions just mentioned. 

166. 





y=69 B-f'00047Y Bt 4.63*16 



Seoond Sbt of Exferikents, made with a Bibaii*s 12-ikoh Akemohbteb, with Whiblino 
Machine, 25-rEBT Gibole, Fig. 156, made to cobboboratb Ezpebiments, Fio. 155. 
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Ccmpanaon of Anemometers, — Fif|f. 156. In consequence of the sensible difference in the formula 
required for the 12-inch, and for tiie 6-inch and 4-inoh anemometers, as exhibited in Fig. 155, 
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another set of experiments were made to prove whether this was owing to the construction of the 
larger infitrnmcnt, or to some error in observation in the previous experiments. The results are 
given in Fig. 156. 

In this cliagram two sots of ox|)erimcnts, made with the same 12-inch anemometer, at difTereut 
times, by the Whirling Machine, with a circle 25 feet in circumference, are compared with each othcx; 

The line G I) is the same as the line £ F of Fig. 155, and is a curve, as lias been already stated ; 
the line A B is also a curve, but approaches rather more nearly to a straight line, the friction 
being at the same time much smaller than in the same instrument tried in the experiments sliowu 
by Fig. 155, so that the friction does not appear to depend so much upon the size as upon the 
condition of the instrument. This result agrees with those obtained in other experiments with the 
4-inch anemometer (page 78), whidi latter clearly prove that the friction does not vary much if tlio 
instrument itself remains unaltered; but from the construction of the larger instruments, and 
from the nature of the material of which their vanes are formed, they are extremely liable to 
become disarranged, and altered in form ; in fact, it is most difficult to avoid putting them out of 
form when using them, and it is extremely probable that the alteration in the additive ooostaut is 
due to this cause. 

This view is corroborated by Fig. 162, in which it will be observed that the consiaut for one of 
the 4-inch anemometers is altered in consequence of its falling off the wand and beoomiog deranged, 
although no alteration in the instrument was observable from the accident. Fig. IGli also eluci- 
dates this. 

Both the lines deduced from the experiments made with the 12-inch or large anemometers are, 
it will be seen, curves, and require complicated formulas, while it is somewhat doubtful as to 
whether the departure from a straight line is due to tlie circular motion caused by the revolving 
wand of tho Whirling Machine, or is inherent in the nature of the instruments themselves, in which 
latter case only would it arise on employing tlie instrument for measuring cunents of air in the 
onlinary way. 

167. 




Boani dc wn on wand. 25-feet drde. V = 
EXPEBIMENTS MADE WITH A 6-lMCn BlRA3l'S ANmOMCTER TO ASCERTAIN THE EFFECT OF REVOLVING 

IN Circles of different diameters, with a Gtovernor or Board fixed downward on tub 
Wand of the Whirlino Machine, Fio. 157. 





Lots C D, 25-fbet Circlb. (C D, 164.) 
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Comparison of Circlea. — Fig. 157 ahowa the effect of catuing an anemometer to revolve in a 10-feet 
as compared with a 25-feet circle, on the Wliirling Machine, with a governor fixed downwards in 
both caaes ; the line D is the same as the line D in Fig. 154, and is for the 25-foet circle. On 



ANEMOMETER. 



81 



taking the circle at 10 feet, the constant additive for friction remains unaltered, hut the inBtmment 
itself reTolTea quicker than in the larger circle for equal velooities, so that the constant multiplier 
is reduced. 

The anemometer was the same C-inch Biram in each case. 

Comparison of Circles, Fig, 158, to Corroborate Experiments, Fig, 157. — This series of experiments, 
like thoee of Fig. 157, give a comparison of the effect of causing anemometers to revolYO in circles 




of different sizeB, with a 12-inoh in lieu of a G-inch anemometer, and without governors. Here, 
Again, the instrument revolves quicker, for a given velocity through the air, in a 10-feet than in a 
25-feet circle, showing that the result is not accidental, but has a cause, depending for its amount 
upon the size of the circle ; and this fact renders it probable, that if the circles were indefinitely 
large, or, what is equivalent, if the anemometers were moved in a straight line through a stiU 
atmosphere, the numbers indicated by the index of the instrument would be somewhat less than 
those obtained in a 25-feet circle ; the difference, however, would in all probability be small. 

EXPEBDCBNTS, FlO. 158, MADE WITH A 12-INCH BiBAM'S AnEMOMETEB, BT THE WhIBLINO 

Machine, with a 25-febt and a 10-fsbt Gibcle, without Govebnob-boabds. 
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Comparison of Anemometers, — Lines formed by Experiments made with ComJbe^ Anemometer, Fig, 159. 
—In the various experiments that have been made with these instruments on the Continent, it has 
been fomid that the excess of the actual wind velocities, over the particular wind velocities which 
are reqmred to overcome their fractional lesistanoe. is simply proportional to the number of revolu- 
tions performed by them in the unit of time ; or, wnat is tne same, to the numbers indicated by the 
pointers, giving rise to an expression of the form of V = m B + a, by means of which the velocity 
of the wind V can be found when we know the number of revolutions, B. of the instrument in the 
unit of time, a and m being constants for the same instrument, whatever oe the velocity V, or revo- 
lutions B. 

The above expression is the equation to a straight line. The constants a and m can be deter- 
mined for any instrument by means of two experimental trials of the number of revolutions 
corresponding to different ascertained wind velocities; thus, if V and B are the velocity and 
oonresponding number of revolutions or indications given by the pointers in the unit of time m one 
of sucn trials, and V and B' the same respectively on the other trial, then Y = m B + a, and V 

V-V ^ V'B-VB' 

s m B + fl, from whence m = x> ^|^r and a = — glTB' — • 
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The irregularitieB in the line made by this inf^trument are, doubtlesSf catiBed by enors in obser- 
Tation^ and derangement of the pointers, as it is much more difficult to read off than Biram's 
instrument, under the peculiar circumstances of reyolving on a wand in a circle ; but these irregu- 
larities would probably not exist when using the instrument in the ordinary* way for measuring a 
cunent of air. The line for the Biram*s anemometer is more uniform, because it can be read off 
with more ease and accuzaoy in this land of experiment. 

TaBLB or ExPEBDfBNTB WTTH GOMBBS AND BoBINSON'S AkEUOMETEBS, OOMPASED WITH BiBAM'S 

Anehohsteb, on Whiblino Maohike, 25-fbet Gibglb, Fio. 159. 
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Moving Anemometers in a Straight Line through a Still Atmosphere^ Fig. 160. — This figure exhibits 
the results of different sets of experiments made with a 6-inch and 4-inch Biram's anemometer, by 
a person walking in the still atmosphere of a large granary, and carrying the instrument in his 
hand ; and another set (for the purpose of comparison with those made as above) by the Whirling 
Machine, in a 25-feet circle, without governors on the revolving-wand. The results obtained in 
these experiments appear to be both remarkable and important, inasmuch as they indicate that 
the formulas deducea from the walking experiments do not agree, even within moderate limits, with 
those obtained by the use of the Whirling Machine ; and it becomes a question as to whether the 
results of either mode are reliable, and if either, as to which mode is so. 

All the lines in this diagram are more or less curved. The line B, E, relating to the revolving 
experiments is, however, less curved than the other lines relating to the experiments made by 
walking in a straight line, and carrying the instrument through a still atmosphere. The line E, E, 
indeed, may be regarded as being nearly straight. Of the more recent experiments, the line D, D, 
may be taken as approaching the straight line : also the line C, C, up to a, where it rapidly falls 
off. This is probably owing to errors at the high velocities. 

The line A, A, ol>tained by walking in a straight line, is much more curved than the line, E, B, 
of the 25-feet circle, — the multiplier, m, of the numbers indicated by the index of the anemometer 
being much smalleri and the multiplier of the square of the numbers indicated by the index of the 
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anemometer being very much larger in the experiments made by walking in a straight line than in 
the revolving experiments. It appears to be anomalous that the lines relating to experiments in a 
10-feet circle should be more curved than those relating to experiments in a 25-foet circle, on 
the one hand ; while the line relating to experiments made in a straight line should, on the other 
hand, be more curved than either. 

Future experiments mav possibly throw some light upon this apparent anomaly. 

It is stated in Weisbacn*s * Mechanics/ that from the experiments of Du Buat and those of 
Thibault, it would appear that the forces of still air against a flat surface, moved at different velo- 
cities through it in a straight line, are proportional to the forces of impact of winds of the same 
velocities, but less than them in the ratio of 1 * 4 to 1 * 85 ; so that if Yr be the velocity of the wind, and 
Ym that of the body, in the two cases, then when the velocities are such as to make the resistance 

in the one case equal to the force of impact in the other, we have 1*85 Y? = 1*4 Ybt and hence 






Ym s 0*87 Ybi) from which we see that the velocity of wind only appears to require 

to be 0*87 of that of a body moved through still air in a straight line, to give rise to the same force 
against the body ; and hence it may be that the velocities calculated from our formulas, deduced 
from the walking or Whirling Machine experiments, would require, when the anemometer is 
employed in the ordinary way for measuring a current of air, to be multiplied by * 87, to give 
the true velocity of the wind ; but on this point Atkinson and Dagliah entertain very grave doubts, 
as such results do not appear, a priori^ to be probable, and the subject is one in which mistakes 
are very liable to occur. 

In like manner, when a flat surface is moved against a still atmosphere in a circle, the experi- 
ments of Hutton, Borda, and Thibault appear to indicate that at a given velocity the force or 
resltttance is only about 1*5, compared with a force of 1 '85 for the same velocity when the flat sur- 
face is at rest, and the air moves, as a wind, against it ; so that if Yo be the velocity of a flat surface 
moving in a circle, and Yr the velocity of a wind giving rise to the same force, then, in order that 
the force in the one case may be equal to the resista nce in the other, we have the velocities such 

that 1-85 Y* = 1*5 yJ, from whence Yr = ^^ ll|- Yo = '9 Yo, from which it would appear that 

the velocities of wind, as deduced from the formulas found by the experiments made with the 
Whirling Machine, should be reduced by multiplying them by * 9 in order to get the actual 
velocities of the wind. There is, however, said to oe more grave doubts still as to tjie correctness 
of this conclusion, and for the present it is preferred to leave it out of the formulas given. 

The discrepancy between the line E, E, in Fig. 160, representing Yo, and the lines B, B, A, A, 
representing Ym, are much greater than the dinerences just alluded to would appear to indicate, 
and hence Uiero is reason to suppose that the data are not reliable ; indeed, it may be seen that 
Weisbach, in adopting 1 85, 1 '4, and 1 *5 as multipliers of the motive column to give the force or 
resistance due to a wind, to moving a flat surface in a straight line through still air, and then in a 
circle, respectively, makes no distinction between a large and a small circle ; while a glance at 
Fig. 158 appears to show that the size of the circle has considerable influence upon the amount of 
the resistance the body meets with in its revolutions through BtUl air at any velocity. 

It should, however, also be stated that the discrepancies between the line £, £, on the one hand, 
and the lines B, B, A, A, and other lines on the other hand, in Fig. 160, chiefly prevail at the higher 
velocities, and probably arise from the errors of observation, owing to the experimenter having to 
run at considerable speeds ; the jolting motion arising from this, and the disturbance of the air by 
his body, must be considerable. The formula for the lines D, D, C, C, is obtained only up to a velo- 
city of 500 feet per minute, up to which point the diagram exhibits a straight line, conforming very 
doeely with that given by the Whirling Machine. 

The height of a column of a fluid, A, in feet, required to generate a velocity of Y^ in feet per 

Y* Y* 

second, apart from friction, is expressed by A, = — -, when g = 82J , giving A, = ^ ; or, where 

yJ 

A, is the height of the column due to Y,, the velocity in feet per minute, this becomes A, = 031 OOO ' 

and from the experiments of the authors just mentioned, it would appear that the impact of a 
fluid in motion would support a vertical column of the height ft in feet, expressed by ft = 

231(300* "^ ~64r^ ; or /r = Y25;i89 " 3^77 ' ^^®® Acceleration.) WhUe if the fluid is at 
rest, and the body (having in each case a flat surface) is moved in a straight line, the resistance 

1-4 Yj 1-4 Y? 
/m in height in feet of a column of the fluid would only amount to /« = 231 eo o ~ — 644~ ^' 

y; Y? ' 

^^ ~ l65 429 ^ 45 952 ' ^' ^ *^® ^ioHy were moved in a circle, the resistance would support a 

column of the fluid /o feet in height found by /o = ^ 1^^ = L^ or /« =_I^ = _YL. 

^ ® ^^ 231,600 64i ^ 154,400 42-889 

The experiments shown in Fig. 161 were made for the purpose of observing whether the action 
of Biram's anemometer varied much with the condition of the instrument, that is, whether the same 
formula and constants were required for the same instrument when properly cleaned and oiled, and 
again, after being much used and in a dirty condition ; and it is certainly satisfactory to find, as 
will be observed in Fig. 161, that the action of the same instrument is very little altered through 
these varied conditions. 

The line A, A, on this diagram shows the velocity found by correcting the readings of the 
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anemometer by the formiila (for this particnlar instniment), V = 1*017 R + 80 ; and it will be 
remarked how very close the line approximates to the true velocity of the instrument passing 
through the air| as found by the Whirling Machine. 

EXFEBDfENTS, FlO. 161, MADE WITH A 6-INGH BiBAM'S AnEMOIIBTEB, IN GLEAN AND DIRTT 
OONDinONB RESPECnVELT, ON THE WhIBLINO MaOHINE, IN A 25-FEET ClBOLE. 





LnrK B B.— Ixstbuxeht Clrab. 


LnrE G a— ImiBUiaiT Dirtt. 


No. of 
Experi- 


Nnmber 
Indicated by 

Index of 

Anemometer 

= B. 


Actual 

Velocity 

=V. 


Velocity 
calculated 
by formula 
V = 1017 

B-f 30. 


E»»nfB, 


Number 
Indicated 
by Index 
of Anemo- 
meter =R. 


Actual 

Velocity 

= V. 


Velocity 

calculated 

by formula 

V = B-f3e. 


EBBoa. 


ment 


More. 


u^ 


More. 


Lobs. 


1 
2 
8 
4 
5 
6 
7 
8 
9 
10 


93 
120 
133 
412 
412 
422 
427 
582 
585 
592 


125 
150 
162 
450 
450 
450 
462 
625 
625 
637 


125 
152 
165 
449 
449 
459 
464 
622 
625 
632 


• • 

2 
3 

• • 

• • 

9 
2 

* • 

* • 

* • 


. • 

1 
1 

• • 

• • 

3 

• • 

5 


62 
80 
100 
365 
395 
425 
585 
585 

• • 

• • 


100 
119 
137 
400 
427 
462 
625 
625 

• • 

• • 













EXFEBDOENTS, FlO. 162, MADE WITH 8ETEBAL AnEMOUETEBS (BiBAU's) ON WhIBLINQ MAOHINEy 

IN 25-FEET CmOLE, TO FIND CONSTANTS m AND a. 





Lnri E E F.~4-n. Bzeax. 


LUCB G D^-4-ZV. BlBAX. 


LiNB J I. 


,— 4-ni. BiBAX. 


1 




I 


1^ 


Ebbok. 


I'SII 

ill 


^ 


s 


Ebbob. 


13- 

•5 ^ 11 


^ 


3 


Ebbob. 






1 


■ 






6 


5 ® II 


1" 


"3 


More. 


Lees. 


•all 

< 


i 


'^ More. 


^ 


2 o II 

M 

bag 


1" 

< 


r 


More. 


Lees 


^ 


5z; 




> 






^ 




> 






^ 




> 






1 


£05 


250 




• a 




187 


237 






« • 


77 


131 


• a 


a • 




2 


210 


262 










200 


250 










82 


137 












8 


215 


262 










255 


300 










182 


225 












4 


340 


387 










337 


387 










200 


237 












5 


345 


387 




■ 






840 


387 










230 


262 












6 


360 


400 










850 


400 










242 


275 












7 


405 


462 










477 


537 










312 


350 












8 


412 


475 










480 


537 










820 


362 












9 


437 


500 










490 


550 










375 


412 












10 


440 


500 










• • 


• a 










460 


500 












11 


• • 


• • 










• • 


a • 










487 


525 












12 


• • 


• • 










• • 


• • 










510 


550 














Lnn D D D, 16a— 4-ih. Buum. 


liiin K K L. 162/ 


— 4-iir. BiBAX. 


Ijvb a B, 169.— 6-nr. Bibajc . 


1 


77 


118 




• • 




76 


125 






• • 


87 


125 


a • 


• • 




2 


112 


150 










107 


150 










102 


137 












8 


152 


187 










110 


156 










112 


150 












4 


342 


387 










335 


375 










295 


337 












5 


857 


400 










372 


412 










337 


375 












6 


377 


412 










385 


425 










842 


385 












7 


377 


412 










• • 


• • 










440 


487 












8 


460 


500 










492 


537 










450 


600 












9 


500 


537 










497 


537 










452 


500 












10 


520 


562 










507 


550 










557 


612 












11 


• • 


• • 










• • 


• • 










640 


700 













Fig. 162 exhibits a series of lines formed by various 4 and 6 inch Biiam's anemometers, with 
which experiments have been tried. It will be observed that, although the general tendency of 
the lines formed by the different anemometers is in the same direction, thns giving one general 
form of formula applicable to all of them ; still each anemometer has a decided line of its own, 
requiring that special constants, found by direct experiment, sliould be applied to each instrument. 
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In making one of the experiments, the anemometer fell off the wand of the Whirling Machine (the 
line E F), and although it sustained no apparent damage, still the line made by this instrument 
was altered at and f^m this point.. The instrument was apparently not damaged, but the 
constants required for the correction of its reading were altered, owing possibly to some alteration 
in the form of the vanes; showing that although, as previously explained, Fig. 161, the fact of 
the instrument being in a clean or dirty condition does not seriously affect its readings, still any 
sudden shock, or other violent treatment tending to veuy the form of the vanes, gr otherwise alter 
the mechanical condition of the instrument, would do so. 

But even in this case the discrepancy caused by the faU seems to be much less in amount than 
the inaccuracy of the original readings ; and the application of the formula, as first found, would 
still render the readings much more correct than if they were used in their uncorrected state. 

Atkinson and Daglish made experiments for the purpose of observing the comparative rates of 
revolution of the same Biram's anemometer^ when passed through a still atmosphere, by the 
Whirling Machine, in the first instance with its back, and again with its face towards the direction 
of its motion ; the former being the ordinary mode of operating. 

As there were considerable differences in the results given by these experiments, evidently 
depending upon whether the front or the back of the instrument received the impulse of the air, so 
that when plotted to form a diagram the lines appeared considerabljr apart from each other, 
showing that the same formula could not apply to the instrument under the variation of conditions 
involved in the experiments, another series of similar experiments was made, further to test the 
truth of the c6nclnsion indicated by the former series. The results of these experiments only 
served to confirm the former ones. 

The two lines F, F, A B, Fig. 163, are formed from experiments registered in the following 
Table ; and the two lines 6 H, C D, from these experiments ; the line G H, in each case being 
that given when the beck of the anemometer received the impulse of the current, as is correct in 
practice. 

Expebhosnts, Fig. 163, hade with a 4-inoh Bibah's Anemometeb ok the Whiblino MAomyE, 

IN A 25-FEET GiBOLB, TO ASCEBXAIK THE DIFFEBKNOB BETWEEN THE AnEMOMETEB GOING THB 

Back to Gubbent and Face to Gubbent. 





Lars F F.— Ahsmomrxb oonra Back to Curbxht. 


Lars A B.— AHmoiOETBB goino Fack to Cdbrkxt. 


No. of 
Experi- 
ment. 


Kmnber 
indicated by 

Index of 

Anemometer 

= R. 


ActOAl 

Velocity 
= V. 


Velocity cal- 
culated b7 
formula V=s 
l'0lB-f41. 


ElBOR. 


Kmnber 
inrtirated by 

Index of 
Anemometer 

=:R. 


Aetna] 

Velocity 

= V. 


Velocity cal. 

culatedby 

ronnulaV= 

-932 B-f 4L 


Ebbob. 


More. 


Leas. 


More. 


Leea. 


1 
2 
8 
4 
5 
6 


172 
182 
815 
817 
405 
417 

• • 

•• 

•• 


212 
225 
862 
862 
450 
462 
• . 

• • 


214 

• • 
• 

861 
462 

• • 

• a 






i" 


157 
192 
240 
290 
807 
882 
425 
450 
450 


187 
218 
262 
812 
825 
850 
437 
462 
462 


187 

• • 

• • 

826 

• • 

• a 

460 


• • 

9 • 

• a 

• • 

1 

• • 

• • 

• • 


2 





Tjiim a H.- 


-AvKKonnEB ooaro Back to Cchbiht. 


Lars CD.- 


-AssxoKREB aonro Facs to CDasnrr. 


No. of 
Experi- 
ment. 


Nmnber 
indicated by 

Index of 
Anemometer 

=:R. 


Actual 

Velocity 

= V. 


Velocity cal- 
culated by 
formnia V= 
•98 B + 41. 


Ebsob. 


Nmnber 
indicated by 

Index of 

Anemometer 

= B. 


Actual 

Velocity 

= V. 


Velocity cal- 
culated by 
formula V= 
-93aB-|.41. 


ESBOB. 


More. 


Lev. 


More. 


Lev. 


1 


60 


106 


« a 


■ . 




112 


144 


145 


1 




2 


65 


109 


• • 








117 


150 


• • 






8 


122 


162 


161 








256 


275 


• a 






4 


135 


172 


a • 








297 


812 


a e 






5 


213 


250 


« • 








890 


400 


• • 






6 


230 


262 


• • 








440 


450 


m a 






7 


817 


850 


• a 








467 


475 


475 






8 


867 


400 


• • 








• • 


a • 


• « 






9 


442 


475 


474 




• • . 


• • 


• • 


• • 







These results prove that the addilive constant remains the same in the same instrument when 
used either side foremost, but that, on the other hand, the amount of the necessary multiplicative 
constant depends upon the form of the wands receiving the impulse of the wind, as had been 
anticipated and mentioned in the remarks upon Figs. 161, 162. 

In general principles the anemometers of Whewell and Osier are similar to those of Combes 
and Biram, but bv additional apparatus the two former are made self-registoring, both in reference 
to the force and direction of the wind ; this, of course, adds to the friction of the instrument, and 
they are not, therefore, adapted for ascertaining the velocities of feeble currents. 
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The anemometer of Dr. Bobinaon is constructed on the assmnption that the force of impact of 
the air against hollow hemispherical cups is twice as great on the concave as on the convex side 
of the cups, and that the vanes revolve at the rate of one*third of the velocity of the current, 
except in so far as the velocity of revolution is modified by friction. 

The mechanism of this instrument is very strong, and allows of the revolutions being recorded 
throughout a whole day ; it would, therefore, be a very suitable anemometer to have near a 
furnace, or in the principal intake or return from a mine. 

Pressure Anemometers, — Perhaps amongst the best known of the pressure anemometers are 
M. Bongui's, Dr. Lind's, that of Henaut, described by Ponson, and Dickinson's, one of Her li^Lojesty'i 
Inspectors of Mines. The anemometer of Bongui consists of an apparatus like a spring-balance, 
furnished with a float-board or plain surface of given area, and the pressure or impulse is indicated 
by marks on the sliding-rod of the spring; it is figured and described in the * Edinburgh Enoyolo- 
piedia.' 

The anemometer of Dr. Lind resembles the photometer of Pitot ; it determines the velocity of 
the wind by its action on a small quantity of water in a y-shaped tube. As the same instrument 
is much used in coal mines as a water-gauge for indicating the difference of pressure between the 
downcast and upcast air-column, it will not be at all necessary to give a detailed description of it. 
From numerous experiments, Dr. Lind considered that the pressure of the wind in direct impulse 
is nearly proportional to the square of its velocity. The following Table is calculated from this, 
but considerably enlarged by other experiments. 



Table of the Fobob and Yelooitt of Different Winds for the Graduation of Anemometers. 

Q Edinburgh Encydopaodia.') 



Helfdrtoftbe 

oolQinii of 

water In 

Dr. Iind'8 

AxMrnometar. 


















1 
1 
1 
1 

2 

2 

3 

3 

4 

4 

5 

6 

6 

7 

8 

9 

9 

10 

11 

11 

12 



0009515 

0038060 

0083732 

0133210 

023 

025 

050 

092 

10 

11 

368 

5 

585 

84 



146 

5 

9 



68 

37 

08 



36 



12 



Force on A 
eq. foot, 

in pounds 

avoinla- 

pois. 





















1 

1 

2 

8 

4 

5 

6 

7 

9 

10 

12 

15 

17 

20 

21 

26 

31 

31 

36 

41 

46 

40 

52 

57 

58 

62 



•005 
•020 
•044 
•079 
•123 

130 
•560 
•492 
•521 
•107 
•968 
•604 

075 
•429 
•208 
•027 
•873 
•963 
•417 

300 
•625 
•715 
•833 
•435 

041 
•490 
•250 
•548 
•667 
•875 
•200 
•083 
•293 
•450 
•500 

2 



Force ana 

eq. foot, 

In pounds, oancee, 

anddnms 

avoirdnpoU. 



Ibe. OB. 















1 



3 
4 
5 
6 



52 
57 
58 



1 
1 
2 
4 
7 
8 
1 



1 15 

2 9 



1 
6 
3 




7 13 
9 15 
10 6 
12 4 
15 10 
17 11 

20 13 

21 6 
26 
31 7 
31 4 
36 8 
41 10 
46 14 
49 3 



1 
4 

7 



1 

5 
11 

4 
15 

1 

2 
13 

5 
11 

7 
10 

3 
13 

5 

6 
10 

6 
10 
12 
00 

7 

5 



dr. 

•280 

•120 

•264 

•224 

•488 

•280 

•560 

•952 

•378 

•392 

•808 

•624 

•200 

•824 

•248 

912 
•688 
•528 
•496 

800 
•000 
•040 

248 



62 8 



15 360 
10 496 
13 440 
00 000 
12 •288 
10^752 
00 000 
200 
248 
008 
200 
000 



3- 
5 

11' 
3" 




3 



Feet In 
one second. 



MHain 
one boar. 



Oompnted from 
Roose's fizporiments. 



1 

2 

4 

5 

7 

7 

10 

14 

15 

22 

29 

33 

36 

44 

47 

51 

58 

66 

67 



•43 
■93 
•40 
•87 
•33 
•65 
•67 
•67 
•19 
•00 
•34 
•74 
•67 
•01 
•73 
34 
•68 
•01 
•50 



73 35 

82 67 

8802 

95 46 

96-82 

106 72 

117 36 

116-91 

126 43 

135 00 

143 11 

146 70 

150 93 

158 29 

160 00 

165-34 



5 

7 

10 

10 

15 

20 

23 

25 

30 

32 

35 

40 

45 

46 

50 

56 

60 

65 

66 

72 

80 

79 

86 

92 

97 

100 

102 

107 

109 

112 



1 

2 

3 

4 

5 

14 

27 

00 

35 

00 

00 

00 



54 



02 

37 

08 

76 

71 
20 
04 
67 

90 
92 

73 



Feet In 
one second. 



Miles in 
one boor. 



Computed fh>m 
I>r. Hutton's 
Exi)erimenta. 



1" 


63 


1- 


3 


26 


2- 


4' 


84 


3 


6 


52 


4- 


.8- 


09 


5^ 


8' 


33 


5^ 


11 


77 


8- 


16 


16 


ir 


16 


66 


11^ 


24 


30 


16- 


32 


39 


22 • 


37 


26 


25 • 


40 


•51 


27 • 


48 


60 


33 • 


52 


'70 


35- 


66 


69 


38 • 


64 


•79 


44- 


72 


•89 


49 • 


74 


•53 


50- 


81 


02 


65 • 


91 


•28 


62 • 


97 


20 


66 • 


105 


•40 


71 • 


106 


■92 


74- 


117 


•84 


80^ 


129 


•69 


88- 


129 


•09 


88 • 


139 


•65 


95- 


149 


•07 


101- 


168 


•11 


107 


162 


•04 


110^ 


166 


•66 


113- 


171 


•72 


117^ 


176 


•55 


120 • 


182 57 


124- 


€ 


; 


7 



•11 

•22 
30 
•44 
•51 
•67 
•00 
•01 
•35 
•57 
•00 
•40 
•62 
•13 
•93 
•65 
•00 
•69 
•81 
•24 
•23 
•27 
•86 
-79 
•10 
-54 
•01 
•21 
•63 
80 
•48 
•63 
•08 
•37 
•47 



Gbamcter of the Winds. 



Hardly perceptible . . . . Rouse. 
Just perceptible .. .. Rouse. 

Gentle winds Rouse. 

A gentle wind . . . .. Lind. 

Pleasant wind Lind. 

Pleasant brisk gale.. .. Rouse. 

Fresh breexe Lind. 

Brisk gale Rouse. 

Very brisk Rouse. 

Brisk gale Lind. 

Veiy brisk Rouse. 

High wind Rouse. 

High wind Lind. 

Very high Rouse. 

Great storm . . . . Denluim 

Veiyhigh lind. 

Storm or tempest .. .. Rouse. 

Storm Lind. 

Great storm Rouse. 

Great storm Lind. 

Great stonn . . La Gondamina. 

Very great storm .. .. Lirid. 

Hurricsne Roosa 

Hurricane Lind. 

Great hurricane .. .. Lind. 

Very great hurricsne .. Lind. 

Most violent hurricane . . Lind. 

Hurricane that tears up 
trees and throws down 
buildings Rouse. 

Observed tj Rochon. 



8 



Borda, however, found that the force of the wind was greater by ^ part than Rouse's Table 
glvee. Hutton also showed that the forces at very great velooitios increased in a somewhat higher 
ratio than the squares of the Telocity. 
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Henftnt^ anemometer, Figs. 164, 165, Ib Bimllar in its principle and action to that of DickinBon ; 
in the latter the impul^ is received on a plain surface A, of oiled skin about 3 inches square, 
suspended from the top p, the variations of which, 
from the perpendicular p &(/</, are noted on a scale 
ddn^ which is marked off by direct experiments. 
This instrument is extremely portable, and not 
easily put out of order ; but whilst it possesses the 
great value, with other instruments of this class, 
of not requiring any watch or other means of 
noting the time, it is, in common with them, sub- 
ject to the great disadvantage of vibrating con- 
tinually, especially in a rapid current, and of not 
recording the variation of the velocity within limits 
of 20 feet per minute ; it is, however, verjr useful 
in steady currents of from 200 to 700 feet per 
minute. The supports g g, are secured to a base 
c ty which is levelled by screws r «. 

Complex Anemometers. — The principle of the 
interesting method proposed by Professor Leslie 
for fnding the velocity of an air-current by its 
cooling action, can be studied at length in his 
'Treatise on Heat.' From his experiments he 
deduced the following : — *' A thermometer is held 
in the open, still atmosphere, and the temperature 
marked ; it is then warmed by the application of 
the hand, and the time noted which it takes to 
sink back to the normal point ; this is termed the 
fundamentiJ measure of cooling. The same observation is made on exposing the bulb to the 
impression of the wind, and the time required for the bisection of the interval of temperatures is 
temed the occasional measure of cooling; then divide the fundamental by the occasional measure 
of cooling, and the increase of the quotient above unity, being multiplied by 4}, will express the 
velocity of the wind in miles per hour." 

A^GLE-BEAD. Fb., Comiche de comiere, Chapekt anguhire; GsB., Winhl oder Eck Kamiess; 
Span., Ouarda-vivo. 

Angle-bead, sometimes termed Staff-head^ shown in Fig. 166, is a small round moulding, often 
out into short embossments, like pearls in a necklace. Iq placrfcering, angle-beads are made flush 
with the finished surface on each return to assist in floating the plaster ; they are 
nailed to plugs or to wood-bricks built into the wall. Angle-b^ids are in some 
oases made to show double on each face of a comer, thus forming a triple bead ; ^ 
however, in superior apartments a triple bead is not employed, but the plaster is £ 
well ^uged and brought to an arria^ a thin copjper angle-bar being in most cases 
fitted in to preserve the comer from accidental nncture. Wooden angle-beads are 
fixed to the jambs of arched recesses, the bead round the head of the arch is formed 
with plaster, and in good work it is necessary to oonceal the joint between the plaster 
and wooden beads by an impost, 

ANGLE-BBAG£. Fb., Attache angulaire; Geb., Winhel Strebe ; Ital., CahstrOlo d'angoh, 
Traveraa; Span., Tirante. 

Any i^raming when situated on the inner side of an angle, for the 
purpose of tying the work together, is termed an angle-brace. In Fi^. 
167, representing the framing of the external angle of a building, A is 
the angle-brace, B dragon-piece, and C G wall-plates. 

The term angle-brace is also applied to a tool for boring in comers and 
other confined Realities where there is not space to use the cranked 
handle of a common brace. It is composed of metal, and works by means 
of two bevel-pinions, and a winch-handle which turns at right angles to 
the centre of the hole to be pierced. See Bbaoe. 

Anole-Bbacket. 

ANGLE-BBAGKET8. Fb., Tasseaux angtUaires, Support angvlaire; 
Gbb., Winkellager ; Ital., Oattelh, Meaaola d'angoh; Span., ModiUonea angtUares, 

A bracket projecting from the angle of a wall or building, instead of at right angles, as from 
the face of a wall, is temied an angle-bracket 

Let DBA, Fig. 168, be the elevation of the bracket of a cove, to find the angle-bracket. 

First, when it is a mitre-bracket in an interior angle, the an^le being 45°, divide the curve A D 
into any number of equal parts 54321, and draw through the divisions of the lines 5 6, 4 c, 3 d, 2 «, 
1 /, perpendicular to B A, and cutting iiinbcdefj and produce them to meet the line G 6, repro- 
senting the centre of the seat of the angle-bracket ; and from the points of intersection to «,;' k I 
draw lines vo 4, 1 8, j 1, k 5, at right angles to G O, and make them equal — vo 4to65, t3toc4,yito 
d 3, and so on ; and through G 4 3 1 5 draw the curve of the edge of the bracket. The dotted lines 
on each side of G O on the plan show the thickness of the bracket, and the dotted lines us, nt^vr, 
show the maimer of finding the bevel of the base. 

The same figure shows the manner of finding the bracket for an obtuse exterior angle. Let 
G J F be the exterior angle, bisect it by the line JE, which will represent the seat of the centre of 
the bracket. The lines J I, 5 4, o 3, p 2, g 1, r, are drawn perpendicular to J E, and their lengths are 
found as in the former case. 

To find the angle-bracket of a cornice for interior and exterior angles. Let E A B, Fig. 169, be 
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the elevation of the oomice-braoket, F A the seat of the mitre-bracket of the interior angle, and L R 
that of the mitre-bracket of the exterior angle. From the points KbcdtBjOi whereyer a change 




in the form of the contour of the bracket occnrs. draw lines perpendicular to K A or Q G, cutting 
KAin0(jr/cA, andcuttingtheIineFAinF/r(4uA. Draw the lines FR, BH,and AL,LN, 
representing the plan of the bracketing, and the puallel lines from the intersections npoM, as 
shown dotted in the engraving, then make A Y and L/ each equal to A B, uo and M < to c ^, Q 8 
and oj equal ix>fd,rt and p m equal io gc^fb and n r equal to e b^fp and n 8 equal to e 6, and join 
the points so found to give the contour of the brackets required. The bevels of the fiebce are found 
as shown by the dotteof lines W Z V 6. 





To find tho angle-bracket at the meeting of a concave curved wall with o stmight wall 
Let BCD F, l^ig. 170, bo tho plan of the bracketing on the straight wall, and CC, M D tho 
plan on the circular wall , A B F the elevation on the btraight wall and MC O on the oircular wall. 



pondin 
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Divide the onrvca A F, M O into the some number of eqoal pert^ ; throngb the diridona of A P 

draw the lines A 0, Sn/, 4bq, andeo on, perpendicular to B P, and through those of H draw tlie 

parallel lines, part straight tmd 

part curved, 5n/, io//, Sph, and 

BO oQ. Then tluougb the iuter- 

iections fg h i of the rtraight and 

curved linea draw the curve O D, 'E^V 

which will give the line from i'^ "I*^ 

which to measure the onliuates 

/5,,(r*,A3,i2,jI. 

To find theaagle-bracfeet when " 
the wall is a convei curve. 

Let AeQC. Fig. 171, be the 
plaD of the bmckctin^ on the 
atraieht wall, and A e Q L the plan 
OD the curved vail. From the 
points KtbcdbB of the bracket 
KAB, where its contour chanRea, 
drew perpcndicularB as before. 
Drew L Q a radiiu to the curve of 
the wall LA, and set on it the 
divisions M op n, equal and corres- 
mding to cfg e of the elevation 

' "" nd draw L /, M (, oj, 

, , .. . , .. 1, perpendiculal to Q L, 

and make them equal to hJi,cl, 
fd, gc, eb, tt, of the elevation ; 
then join the points bf the linea 
/*. tj.jm, n>r, r-i, >Q, to ob- 
tain the contour of the bracket 
equal and corresponding KAB. 
Through the points Mopn draw 
concentric curves, meeUng the 
perpendiculars from the corres- 
ponding points of KAB; from 
the intersectiooa of the stra^bt 
and carved lines, « o rf, draw the 
lines AY, u o, o », rl,/b, perpen- 
dicnliLr to <A, aud make tliem 
equnl to the correapoDcling lines 
of the elevation, as beforo; then 
join the points Y oat bat to obtain 
the oontour of the angle-bracket. 

The examples shown in Fign. 
172, 173, are projected in a aimi^ 

ANGLE OP FBICTION. 
Fa., Angle de frotUment ; Qer.. Rei- 
bimgxcinkel ; Ital,, Angola ^aitrito; 
Bpan., Angalo dt msamiento. 

The angle of friction is slso 
called the anyle of repose. In an 
Abch, that angle at vhicb tbo 
arch -stones cease to have any 
tendency to slip from their own 
weight or to uiert anj tlirusl on 
the pier. Itondelet found by 
repeated eiperimenla tlml even 
where the surfaces were wrought 
in the best manner the angle was 
seldom less than 28°, aod it was \d. i 
as well aa with the roughness of the stone 
with hnrd stones, where tile amount of 
great, as the inequalities are brokeu dnun 

On KoADs and BAii:nAYB it is that i 
point of moving by UieLr own gravity ; it 
rails, and with the diameter and friction 
El^rieu(«a aur le Frottement.') 

The following, from i'oncclet and others, show the relative angle of reposo 
road* and railways :— 

Wheela with iron tires on a— lUtlo of Slope. 

Road of sand and gravel .. 1 in 16 

„ of brokenlinordinaryoandition 1 „ S5 

atone lin perfect condition 1 „ C7 

Woll-mado pavompiit I „ 71 

For further information on this aubjoct. ace I 




mneh as 3G°. The angle varies with the weight 
With soft Hlonca the tendency to slide is greater than 
iKlincsu is tUc same, particularly where the weight is 
heu Uic atone ia soft, nod the duiit fncilitatca eliding, 
lination or gradient at wliich tlie carria;:^ are on the 
rip.a with the roughness or smoothnesa of tlie road or 
the wheels upon their ailos. (See Moriu, ' Nouvellcs 



LB hinds ol 



Wheels with iron tirca on- 
Oak planks, not planed . . 
Stone trackway, well laid 
Kailway 

All iron-shod sledge on hardened si 



ANGLE-IKON. 



98 



174. 



ANGLE-IBON. Pb., ConUere^ <m Fer de comiere ; Qeb., Winkel^ oder Eckeisen ; Ital., Ferro 
dangoio ; 8PAN., Hierro angular. 

Any rolled bar of iron, Figs. 174, 175, 176, 177, of an angular shape, is usually termed angldron ; 
it is employed for forming the edges of iron-safes, bridges, and ships ; or to be rivetecl to the comers 
of boilers, tanks, &c., to connect the side-plates. See Boilers ; Bridges ; Iron-Ship Building. 

When we treat of the different structures in. which angle-iron is employed, we will discuss the 
strength, suitable form, dimensions, and other mechanical properties of angle-iron ; here we merely 
give cross-sections, dimensions, and weights of some of the principal forms 
manufactured in the Earl of Dudley's extensive works at Hound Oak, near 
Dudley. For Tee and angle iron, Kirkaldy lately found that the specific gravity 
varied from 7*7310 to 7*5297, and he took 7*6006 as the mean result of ten 
experiments. Whence if the area, in square inches, of the cross-section of any 
specimen of angle or of T i'on be multiplied by 3*29887 (3*3 nearly), tho 
product will give the weight of a lineal foot of such specimen in pounds. For 
example, Fig. 179 is the cross-section of one of a series of angle-irons of the 
Round Oak Works ; length of each side = 6 in. mean readth = 1 in. ; area = 11 sq. in. ; therefore 
11 X 3*29887 = 36 '28757 lbs. the lineal foot, or 36| lbs> nearly. The mean breadth of this series 
varies from 4 to 1 in. However, it is necessary to state that a lineal foot of this iron, Fig. 179, 
weighed 38 lbs. 



l:^) 




r 



ITS. 



ITS. 



Length of sides, 2) and 2^; breadth, \ in. 
Weight the lineal foot, 2 Ibe. 2 oz. 



2| and 8 ; breadth, ^ in. Weight the linea 
foot»17*51b8. 







eiH. 



zm 



TTsr 



S> 



ITT. 

3 and 3; breadth, 4 in. 
Weight 12 lbs. the 
lineal foot. 



ITS. 

2 and 2 ; mean breadth, 
^ in. Weight 5 lbs. 
4 oz. the lineal foot. 



1T9. 






180. 



Length of sides^ 5 and 5 ; breadth, 1 in. 
Weight the lineal foot, 31 *25 Ibr. 



18L 

Length of sides, 3 and 
3 ; breadth, | in. 
Weight the lineal 
foot, 7*5 lbs. 



182. 



Length of sides, 2) and 2|; 
breadth, ^, Weight Um 
lineal foot, 5 lbs. 12 oz. 



i;iN. 



i 



ra 
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183. 



184. 



18S. 



Length of sides, 4 and 2, 
bi-eadth, | in. Weight of 
lineal foot, 9*5 lbs. 



CE 



4. IN. 




Length of sides, 1} and If; 
breadth, ^in. Weight of 
lineal foot, 2 lbs. 6^ os. 



if M 




Length of sides, 3^ and 2; 
breadths, f in. and ^ in. 
respectivelj. Weight the 
lineal foot, 7 lbs. 




186. T-in>n. 

Length: web, 3 in.; flange, 2) in.; 
thickness, ^. Weight the lineal 
foot, 7-25 Iba. 





Mm. Sir 



187. Section. 

Weight the lineal foot, 
3 lbs. 



S¥ 



188. T-ht)n.' 

Length: web, 2|; flange, 4; 
breadth, fin. Weight the 
lineal foot, 8*5 lbs. 



[ 



41N4 



■> r 



• 



m 



189. T-IfOD* 
Length : web^ 3; flange, 6 ; breadth, ) in. 
Weight the lineal foot, 15 lbs. 



^5 



01N 



f4 
ii. 



IM, T. 

Length : web, 4 ; flange, 5 \ breadth, \ in. 
Weight the lineal foot, 14*5 lbs. 



«l 




191. T. Section. 

Length: web, 5; flange, 4; 
breadth, ) in. Weight the 
lineal foot, 16 lbs. 



-cs 



^IN 



iu 



193. Section. 

Ltngth of each arm, 2 in. , web, 
2| ; bxtMulth, ^ in. Weight 
the lineal foot, 8 lbs. 2 oz. 



IN 



I'k 



5fc 



19a. Section. 

Length of each arm, 2 in.; 
breadth varying uniformly 
from '4 in. to *25 in. 
Weight the lineal foot, 5*75 
lbs. 



IN 
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104. Seetloo. 



Length of each arm, I in. ; web, 2 * 75 in. ; 

breadth varying from ^ in. to f in. 

Weight the lineal foot, 6 lbs. 14 oz. 




• m 




196. Section. 

Length of each arm, | in. ; 
least breadth, } in. ; web, 
1} in. ; -I in. thick. 
Weight the lineal foot, 
1 lb. 6 oz. 



196. Seetioa 

Length of each arm, f in. ; 
web, 1 in. ; breadth, 4 in. 
Weight the lineal toot, 

11 OS. 




19Y. SectloiL 

Length, If in.) breadth, ( in. 
Weighr the lineal foot, 3 lbs. 
15foL 



G 



iHml 




198. Section. 

) in. thick ; the other dimensions 
are given on the section. 
Weight the lineal foot, lib. 
5oa. 




199. Section. 

-^in. thick; the other dimen- 
sions are given on the section. 
Weight the lineal foot, 5 lbs. 
Uoz. 




aoo. SectioD.^ 

i in. thick. Weight the lineal foot, 
2 lbs. 



201. ' Sectloii. 




Length, 4 in. ; breadth varying 
fi-om 4 in. to } in. Weight, 
9 lbs. 




202. SecUon. 

f in. thick ; chord, 2{in., as 
shown on the section. Weight 
the lineal foot, 3 lbs. 4 oz. 




ANGLE-RIDGE. Fb., Aritier ; Gbb., Qradsparre, 

Angle-rafter^ more commonly called ^* hip-rafter," in hipped roo£9 ib the piece of timber which 
nms from the angle of the bailding to the ridge of the roof into which it is framed, and of which 
it forms the oontinnation to the eaves, where it butts on the dragon-piece. It is usually from 
1| inch to 2 inches thick, and fiom 6 inches to 8 inches deep, aooording to the length ; the ends of 
the jack-rafters are nailed to it in the same manner as the common rafters are nailed to the 
ridge. 

ANGLE OF REPOSE. Fb., Angle de repos; Geb., Suhewinkel; Ital., Angola limiU d'attrito.- 
Span., Anguh de repo80* 

See Angle of Fbiotion. 

ANGLE-STAFF. Fb., Comiche de oomidre ; Geb., Witdul Kamiess ; Span., Guarda-arista, 

The strips of wood employed in the inside of buildings, upon the exterior vertical angles, to 
protect the plastering, are called angle-stafb. 

Angle-staffs are of two kinds, namely, souare staffs and round staffs, also called angle^beads, the 
former being mostly employed when the walls are papered over, and the latter when the angles are 
seen 

ANGLE-TIE. Fb., Attache anguhire; Geb., Winkel Strebe; Ital., CahstreUo d*angolo, Tror 
ver9a; Span., Tirante, 

See Anoub-Bbaob. 

ANGLE OF TRACnON. Fb., Angle de traction ; Gkb.. Zug-Winkel; Ital., Angoh di trazione; 
Span., Anguh de trdccion. 

The angle formed by the inclinatioDi of the traces with the surface of the roadway is termed the 
angle of tiaction. 

ANGULAR MOTION, OB' VELOCITY. Tr., Mouvement anguhire ; Geb., WinkOfmoegung 
Oder Winkeigeschwindigkeit : SpamT, Vehctdad anguhr. 

The velocity of a point moving in a circle, whose radius is taken as a unit, is measured by the 
length of the arc that may be described bv the point in a given time ; but this arc measures an 
angle, and that angular measure is termea the angular velocity. As it is a part of our design to 
generalize and follow principle wherever it lead us, when such generalization tend to imp(»tant 
practical results ; hence, we puipose to explain angular velocity in general terms. 

In calculating the motions of geared machinery, the angular velocity of a body has often to be 
detennined when the number of rotations (n) in a minute is fiivcn. The distance traversed by tho 
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« 

point situfttod 1 foot from the axis is 2 v for each revolution, oonscqaentlv 2 n v for n revolutions, 
that is, 2 n ir in 1 minute, or 60 seconds. The distance traversed by this point in 1 second is 

therefore -qq- or -qq , which is the angular velocity required. If we call this angular velocity », 

w 3 -^ ; that is, to obtain the angular velocity^ multiply the number of revolutions a^ntnute by the 

ratio of the circumference to the diameter, and divide the product by SO. If, for instance, a wheel 

45x3*1416 
makes 45 revolutions a-minnte, its angular velocity is » = wq = 4 • 7124. From this 

30 » 
formula is deduced n = ; that is, to find the number of revolutions a^mmutCf multiply the angular 

velocity by 30, and divide by the ratio of the circumference to the diameter. For instance, if » = 5 

5 X 30 
» = o-i ii/i = 47-7, or about 48 revolutions a-minute. 

o"141b , 

The motion of rotation signifies the movement which all points of a single body make, in 
describing arcs or circles round the same axis, when the planes are perpendicular to that axis, and 
retain the same distance from each other. 

Such is the movement of a cog-wheel or fly-wheel, and of all revolving parts of machines. 

The first property peculiar to this species of motion is, that all points of a body describe in the 
same time arcs of the same number of degrees. Let us suppose the axis of rotation to be perpendicular 
to the plane of Fig. 203, and let O be the point where it meets this plane. Let us take any point ; 
for instance, A ; let a be th0 projection, upon the plane of the figuro, of the initial position of the 
point A, and let a' be the projection of its position at the end of the time t ; the aro described by 
the point A will be equal to the aro a a\ having O for its centro. Let B be 
another point of the body ; 6, the projection of its first position ; 6', the pro- 
jection of its final position ; and 6 6' the projection of the arc, which it has 
described. Unite Oa, Oa', 06, 06'. Oa' will be the position of A with 
reguxl to the axis after the space of time t and O a before the first instant. 
From the point B to the axis also draw a line. O b will be its position before 
the first instant, and 06' after the lapse of the time t Therefore the points 
A and B will maintain their relative positions ; the angle formed by the two 
planes drawn from A and B remains unchanged. But this angle measures at ^^ 
the first instant a06, and at the final instant a' Ob'; therefore these two 
angles are equal. If we cancel the common part a' Ob, there remains a O a' = 606'. Therefore 
the arcs a a' and b b' are the arcs corresponding to the %qual angles at the centre, which have the 
same number of degrees. The same may be said of all points of the body, as A and B are taken 
indiscriminately. 

It therefore follows that the velocities of different points of the body, at the same instant, are pro- 
portional to their distances from the axis of rotation. Suppose, for instance, that the arcs a a' and bb' 
have been described in a very short time A t. The similitude of these arcs gives the proportion 

aa' bb* aa' bb' 

aa' : 56' = Oa : 06,£rom which isderived -r-r : -^ = Oa : 06. -r^ and -^ show respectively 

the velocity of the points A and B. By calling the distances Oa and 06, r and r', and the 
velocities v and v', the result will he,v I v' = r : r. 

II. To determine completely the motion of a body turning round an axis, it is sufficient to know 
the motion of one of its points. The motions of all points of a body are generally compared to that 
of one particular point, 1 foot, or 1 m^re, distant from the axis. The motion of this point is 
generally called, as previously stated, the angular velocity, and is usually expressed by the letter w. 
On comparing the velocity of any point A to that of the point situated at the unity of distance 
from the axis, we get, in accordcmce with the rule explained above, vlw = rlloTv = »r; that 
is, the velocity of any point of a body is equal to the angular velocity multiplied by the distance of that 
point from the axis of rotation. If, for instance, the angular velocity be 3. the velocity of a point, 
situate at 0*40 ft. from the axis, would he v =. 0*40 ft. X 3 s: 1*20 ft., m>m which is drawn the 

V 

formula w = — ; that is, the angular velocity is obtained by dividing the velocity of any point by the 

distance of that point from the axis. For instance, let us seek the angular velocity of the earth. 

2 V B 
R is the radius of the equator; the velocity of a point situated on this circle is therefore q^Taa* 

there being 86400 seconds in 24 hours, the time employed by the point in one revolution. Divide 
this velocity by the distance B of the point under consideration from the axis, and the result will 

be the angular velocity » = 86400 ~ ~43200~ " 0*000072722; consequently r = — ; that is, 

the distance of any point of a body from the axis is the quotient of the velocity of the point by the angular 

1 * 50 ft 
velocity. If, for instance, v = l'50ft. and « = 0*8 ft., then r = ^.g ' = 1*875 ft. 

When the angular velocity is constant, the rotary motion is uniform. 

If the aro described by a point situate 1 foot, or 1 m^tre, from the axis be a at the beginning of 

the first instant, and t the time employed in traversing that arc, a = « f. 

If the angular velocity be variable, the limit between the angular velocity and the increase of 

1 . ■ d ct 

the time is called angular acceleration. This angular velocity is generally represented by 7 = -jj •* 

and as « IS itself derived from the aro a, the acceleration is the second derivative of that aro; 
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d w being put for fin extremely small quantity termed the differential of », and d t for differential 

of tj which is an extremely short time. 

When the angular acceleration is constant, d» = ydt. 

If vq be the primitive ang^ular velocity, we obtain w = wq + 7 ^ whence da = w^dt + ytdt 

Supposing the arc a to l:^gin at the position occupied by the point at starting, by integrating, 

we find a = »of + '27^* ^ these two proportions, the formulas of uniformly vaHating motion 

are expressed. 

When several rotatory movements are to be considered, a geometrical sign is used to represent 
the angular velocities. On the axis of rotation an arbitrary point O, Fig. 204, is taken, and from 
this point is projected a length O P proportional to the angular velocity ». O P is placed 
in such a direction, that a spectator, placed at P and looking in the direction P O, sees the 
body turning in the direction of the hand of a watch ; that is, if O P were horizontal, the 
movement above would be from left to right. O P' would represent the angular velocity if 
the movement were in the opposite direction, namely, from left to right when passing 
underneath. 

It is theroforo said that the angular velocity, or the rotation, is represented in quantity 
and direction by the line O P in the first instance, and O P' in the second. 

When a solid bodv revolves round an axis, through the action of any force, the roactions 
upon that axis can bo determined. Let O Z, Fig. 205, be the axis of rotation connected 
with the points A and A , and with its extremity B, which rests against a perpendicular, * ^ 
fixed plane. From the centre of gravity Q of the body pass a plane perpendicular to the axis, and 
cutting it at the point O ; take the point O for the origin of the axes of the co-ordinates of the 
different points, the axis O Z for the axis of z, and two axes 
OX and OY perpendicular to the first. Let M be any 
point of the boay, m its mass. From M draw upon the axis 
the perpendicular M C = r, and let a be the angle it makes 
at the end of the time t, with a parallel C V to the axis x : 
and at the end of the same time let M P = «, C P = ^, and 
P Q = ir, be the co-ordinates of the point M. This point, 
rotating round O Z, describes a cirole having G for centre. 
It may therefore be considered as being acted upon by a 
tangental force T and by a normal force N, the powers of 

which are respectively T = m r -jj and N = m «* r, if the 

angular velocity be w at the end of the time t. As the same 

may be said of all other points of the system, it follows that 

the body may be regarded as entirely subject to forces 

analogous to T and to forces analogous to N. The body is 

therefore moved in reality by a system of forces F, F', F", 

Ac, the reactions of supports and the mutual action exeroised by the material points of the body. 

The system of forces F and of the mutual actions is therefore eauivalent (see Equivalent Fobces) to 

the system of forces analogous to T and N. There must thererore be equality between the sum of 

the projections of these two systems of forces on each of the three axes, and between the sum 

of their momentums with regard to these axes. 

The projections of the force T on the axes of x, y, and z^ are respectively 

d to d tt 

— T sin. a, + T COS. a, zero; or, "^V'JT'y '^"^^'Tf* *®'^* 

The relation of the momentums to the same axes is, adopting the oonventional signs with 
rpgard to momentum, 

-Tcoe.a.jr, -Tsin.o:r, +Tr; or, -mxz-jj^ -myz-^^ •+f»,j— fl. 

The projections of the force N are, 

+ N COB. a, 4- N sin. a. zero ; or, + m «0> a + m «* y, zero. 
The momentums of the same force witn regard to the same axes are expressed, 

— Nsin. a.^r, +Ncos. a.jr, zero; or, —mv^yzy +mtc^xzj zero. 

d w 
In passing from M to another point of the body, x, y, r, r, and a, will change ; but w and -jj- will 

remain the same. On the other hand, the mutual forces will disappear when the sum of their 
projections on to any axis is nought, as they aro equal and opposed to each other ; the sum of their 
momentums, with regard to an axis, will alao be nought, for the same reason. 

Let R be the reaction exeroised upon the point A perpendicular to the axis, omitting friction, 
and B' the same reaction upon A' ; and S the reaction exeroised by a point B in the direction of 
the axis. O A = A and O A' = A' ; we can then describe the six conditions of equivalence ; putting 
2 for sum, 2m x signifies the sum of the products m Xj then, 




dm 



2F. + B, + B', = - -j^ 2my + «>amx, 



d M 



2F. + 8 = 0, 

2 JW. F — By . A + BV . A' = — jf 2mxK^ti*2myz, 



P] 

[2] 
[3] 
M 
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w 



2i*t, F + R^A - R', . A' = - -^-^ 2my« + a>»Smx^, 



[6] 



The last equation gives -rj- = — = — -^- ; that is, tfut angular acceleration is expressed by tJie 

sum of the momentums of the forces with regard to the axis of rotation, divided by the vis inertia of the 
body with regard to the same axis, which expression can also be arrived at in a shorter manner. The 

first five equations make known the five unknown quantities, R^, Ry, R',, R'yi and S; from the 
equatfons [1] and [5] R» and R'^ may be found, and from [2] and [4] Ry and R'y are deduced. 
Equation [3] will give the value of S. 

If the movement is reckoned only for the first instant (it can also be another space of time), the 
axis of X can be passed through the centre of gravity. If we call M the total mass of the body and 
a the distance of the centre of gravity from the axis OZ, 2m« = Ma and 2 m y = 0. 

If, again, we suppose the body symmetrical with regard to the plane X O Z, we get Tirnxz — 
and 2 m ^ « = ; and the six equations of the problem become 

2F, + R, + R', =M«2a, 

2Fy + By + R'y =:Ma -^, 2,+S = 0, 

2 Jtt. F - Ry A + R'y A = 0, 

2i|WyP + R,A-R',A' = 0, 

2J[tt,F= ^ 2mr3. 

d to 
The quantities Ma -^ , M of^a express the tangental force and the normal force of the centre 

of gravity, considered as a material point where all the mass M is concentrated. 

Two particular cases deserve consideration : — 1. Where the axis of rotation is horizontal, the 
body has its centre of gravity in that axis, and is subject to no external force except that of 
gravitation. 2. When the axis of rotation is vertical, and the body, having its centre of gravity in 
the axis, is only subject to the force of gravitation and to forces acting horizontally. 

1. In the first case we get 

a = 0, 2 F, = P, asFy = 0, and 2 F, = 0, 
ajttxF = 0, 2i«tyF = 0, 2J«,F = 0, 

R, + R*-, = - P, Ey + R'y = 0, S = 0. 

d to 
The sixth equation gives -jr = 0, from which it follows that the movement is uniform ; the 

equations [4] and [5] can bo reduced to 

- Ry . A + R'y A' = — w^Smy*, 

Rx.A — R^.A= -\- tal^Hrnxz ; 

or, if the plan X O Z were symmetrical, 

Ry . A = R'y A' and R, . A = R', . A'. 

The first of these, compared with the second equation, gives Ry = and R'y = ; that is, 
the reactions at A and A' are then vertical. 

2. In the second case suppose the axis O Z, Fig. 206, to be vertical, and the centre of gravity to 
be situated in the axis O X at the first instant, P to be the weight of the body, and that wo have 
08 above 2my =- and 2 m a; = M a, we find ^ 2C6. 

R, + R. =«»2Ma, 

Ry+Ry = Ma -^ 

- P + 8 = 0, 

d C0 
— Ry , A 4" R y . A s= — 



Pa + R, . A -R', . A = - 



.F = 



dt 
d ta 
It 
d u 



2 m y « + »', 2 m X 2r, 



'B 



A 



dt 



2mt^. 




If we wish the reaq^ions of R and R' to be nought, we must 
according to the two first equations, make a = 0, that is, the 
centre of gravity must be in tne axis of rotation. The equation 
— P 4- S = gives S =r P; ihat is, the charge of the pivot which sustains the axis of rotation is 
equal to the weight of the body. The two following equations can be reduced to 



and 



-^7 limxg-\'oP,^myx = 0, 

d w 

-irr Smyjr- »', Smxx = 0; 
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from which follows limxz =0 aud 2 m ^ « = ; that Ih, the axis of rotation is ono of tho 
principal axes of tho body. 

In millstones these two conditions are fulfilled by means of lead intiodnoed into vertical holes 
made for that purpose. If this were not done, it might happen that, although remaining horizontal 
when at rest, tney may, when in, motion, exercise lateral reactions upon this axis, and oease to be 
horizontal. 

General Conditions of the Uniformity of Motion or of Equilibrium of a Solid Body^ Free in SpacCj and 
subject^ to any Forces, — ^It is evident that a solid body, entirely free, can receive and take but one 
of the three following motions :— A motion of translation without rotation, a motion of rotation 
witiiout translation, and a simultaneous motion of translation and rotation. 

Every motion of translation may be resolved into three other motions similar in relation to any 
three rectangular axes drawn in space ; and it is evident that if each of these component motions 
is separately zero, the resultant motion of translation will be so likewise. This condition is, more- 
over, necessary and sufficient. 

Now, in order that these three motions shall be zero for each of these axes, the sums of the 
components parallel to the axes should separately be zero. Then, if we call X, Y, and Z, the sums 
of the components of the exterior forces applied to an invariable solid, these forces cannot impart 
a motion of translation if we have at tlie same time X = 0, T = 0, Z = 0, and the motion vrill 
remain uniform or the body be in equilibrium as to translation. 

8o also every motion of rotation of a body, or of material points composing it, may be resolved 
into three motions of rotation around three rectangular axes arawn through any point. In order 
that the body shall receive no motion of rotation, it is only requisite that the rotations around each 
of the three axes shall be separately zero, which requires the sums of the moments (not momentums) 
of forces in relation to each of the three axes, that is, the sums of the masses or weights multiplied 
by their perpendicular distances, to be separately zero, so that if we call L, M, and N, these three 
sums, we must have at the same time L = 0, M = 0, N = 0. When these conditions are satisfied, 
the work developed in imparting a motion of rotation will be zero, and it will continue to move 
muformlv or will rest in equilibrium. 

In oraer that the body receive no motion of translation, nor of rotation, or that its motion be in 
no wise altered, all that is requisite is : 1st. That the sum of all the components of the foroes 
soliciting the body, in relation to any three rectangular axes, shall be separately zero. This is 
expressed by the relations A = 0, Y = 0, Z = 0, 

L = 0, M = 0, N = 0, 
which we call the six equations of uniform motion, or the equilibrium t>f an invariable body, free 
and solicited by any forces. 

Centrifugal Force. — ^It is well known that, if we tie a stone or other heavy body to a cord, 
impress it with a cireular motion of which the hand is the centre, the cord will experience a 
tension, the greater as the motion is more rapid. From observation of this fact came tne use of 
the sling as an implement of war among the ancients, and which is now but a boy's play. Similar 
effects are seen in waggons running swiftly in short curves, in cireuses, when the* horses, and riders 
are naturally induced to lean towuds the centre of the curves they describe to prevent being over- 
thrown. The reader may readily find other effects from the same cause : all of them prove that in 
curvilinear motion the bodies are subjected to a peculiar force tending to drive them from the 
centre, which force is called the centrifugal force. 

Measure of the Centrifugal Force.— To understand what takes place when a material point is 
submitted to the action of the centrifugal force, let us examine, first, how this force is developed 
in cirenlar motions. Wben a material point or an elementary mass m passes ftom one element of 
a curve which it describes to another, it tends by virtue of its inertia to continue its motion in the 
direction of the prolongation of this element, or of the tangent 6 cf of the curve, and is what is termed 
fiyi^ off at a tangentj as is the case with the sling at the moment one suddenly lets go his hold 
upon the cord. If the mass m takes the direction of the next element, it is then retained upon the 
curve, either hj the resistance of the curve itself, upon which it then exerts a pressure, or by the 
tension which it develops in the cord. This pressure or tension is itself the measure of the centri- 
fugal force, in contradistinction to which it is sometimes called the centripetal force. 

This force is in the direction of the radius of the curve or of the;Dorresponding circle, and if we 
call V the velocity with which the mass m is impressed in the direction of a 6, azid take the length 
6 d to represent it, it is clear that the velocity destroyed by the resist- 
ance of the cord or the centripetal force, will be represented by ^^' 

the side d c of the parallelogram bcdf^ whose side do w parallel to 
the radius o&, in the direction of which this force is exerted. Now, 
an inspection of the figure shows that the angles abO and bdc are 
equal as internal and external, and the angles deb and c6 O as alter- 
nate and internal ; and as moreover the angles c60 and abO bemg 
formed on both sides of the radius by two equal and consecutive 
elements of the oirele or of the polygon whose infinite number of 
sides replace it, it follows that the angles bdc and deb are equal, and 
the triangle bdcia isosceles. Then the velocity 6a with which the 
mass m is moved in the direction of the following elements 6 <, is 
the same as that it had in the direction of the preceding element. 
Thus, in circular moh'on, the centrifugal force does not alter the velocity 
of rotation ; which is conformable with the principle of voork, since 
this force, in the direction of the radius, or normal to the path 
described, produces no work in the direction of motion, so long as 
there is no path described in its own direction and by its action. This being settled, the 
Telocity destroyed in the element of time t by the centripetal force has, according to the figure, 

u 2 
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dc for its measure, and the centripetal and centrifugal forces, which are eqnal and directly opposite, 

have for a common measure F = m . --- , 

* 

Now, the triangle bdc and Obt having equal angles, are similar: we have then 
bO I bt II bd I dCf whence dc = — tq — = -q- . In calling R the radiusof the circle described, 

and 8 the elementary arc run over in the element of time t ; and as we have V = -^ or 9 = V f, it 

V X V* V»< 

follows that do= — g — ~T • *^^ finally, that the centrifugal force has for its measure 

p = ^ = m -p ; if, moreover, wo call Vj the angular velocity, or that at the unit of distance, 

» V'R* 

we have V = Vi R, and the expression for the centrifugal force becomes F = m — ^^— = m Vj'R. 

What we have said of the centrifugal force applies to a material point describing any curved 
line, since in each of its positions an osculating circle may be substituted for the curve ; the only 
difference being in the fact that the radius R of this circle varies for each position of the moving 
body, while that in the circle Ib constant. 

Work Developed by the Centrifugal Force. — ^When instead of being retained by a circular curve 

or at a constant distance from the centre of rotation, the material point is removed farther from 

it, the centrifugal force will cause it to describe a certain path in tne direction of the radius ; it 

develops upon this body a work easily appreciated. In fact, if in an element of time the material 

point is displaced in the direction of the radius by a certain elementary quantitv Y, the correspond- 

mg work of the centrifugal force will be Fr = mYj^Rr, and the total work due to this force, 

when the material point shall have passed from R" to R' at a greater distance from the centre, will 

be given by ihe sum of all the analogous elementary works taken from R = R" to R = R'. Now 

11 
we see from the principle of wrk that this sum is equal io^m\^ (R*" - R"») = « «» (V'' - ¥"0 

if we call V = Vj R' and V" = Vi R", the velocities of rotation of the point around the centre. 

We have then for the work of the centrifugal force T = g m V|« (R'« - R"») = g "> (V - V"»). 

We remark that the second member of this relation is no other than the variation of the vie 
viva of rotation, experienced by the material point while partaking of this motion in its removal 
from the centre of rotation, whatever may be the curve or path described in this removal. This 
expression then could be directly deduced from the principle of vie viva. 

In the case just considered, the centrifugal force tends to increase the absolute velocity of the 
body moved, and acts thus as a motive force which is developed in the motion of rotation. When, 
on the other hand, the body approaches the centre, the centrifugal force is opposed to it, and acts as 
a resistance in developing a work having indeed the same expression, but which is resistant, since 
the path described is in a direction contrary to the action of the force. 

The preceding considerations will find their application in the study of the effects of certain 
hydraulic receivers. 

Action of the Centrifugal Force upon Wa^flrofw.— When a coach with great speed turns upon a 
short curve, the effects of the centrifugal force is felt by the passengers, who are driven towards the 
outer curve with an intensity often dangerous for those placed on the outside, and which may even 
disturb the stability of the coach itself. 

There is often a prejudice against the effects of this force upon railways, when it is proposed 
to use curves of small radius ; but it is easily shown by figures, that in this regard the greatest 
velocities with the common radii of curves produce no danger. 
In fact, calling P the weight of the car or any carriage, A the *^* 

height of its centre of gravity above the pluie of the track, 

p 
F = - Y|* R the centrifugal force, 2 c the width of the track. It 

is evident that when the car passes around the centre O of the 
curve, and is arrested by some obstacle, such as the falling or 
rising of the rail, it tends to upset outwards, in turning around 
the point a of instantaneous support. This motion is counter- 
balanced by the weight P of the carriage, and at the moment 
when the weight and centrifugal force are in equilibrium as to 
the point, we have between the moments of the two forces P and 

P P 

F = — V,« R the relation P c = - Vj' R A, which shows that, 

with equal velocities and weights, the stability of the car will be 
so much the greater, and the eouilibrium better secured, as the width 2 c of the track is greater in 
its ratio with the height of the centre of gravity. The velocity of transit answering to this 
equilibrium upon common tracks, for which 2 c = 4*75 ft. with cars whose centre of gravity when 
loaded is 8*28 ft. in height, a nd wi th curves 1312 ft. radius, will be given by the relation 

g c XoC _. 

Vj'R = V, whence Vj R = a/ k^ — 174*9 ft., a velocity beyond the greatest speed of rail- 
roads. This shows that in this regard the centrifugal force occasions no danger. But we should 
not forget that it brings the flanges of the outer wheels to bear against the rails, producing a 
cutting away which wears them out and greatly contributes to their nmning off the track. 
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Action of the Centnftufal Force in Fly-wheels. — For regulating the irregnlaritics of machinefl we 
make use of rotating pieces of considerable weight and diameter, impressed with ouite a great 
velocity, upon which the motion of rotation develops a centrifugal force of consideraole intensity. 
Thus, for example, the fly-wheel of an iron rolling-mill, established at the iron-works of Four- 
chambault, weighs 13,232 lbs., its radius is 9-58 ft., the number of turns it makes is 60 in 1', or 
1 per second. 

We have thus Vj = 6'28ft. in 1", and consequently, V, R = 628 x 958. 

If we consider a segment of the ring equal to ^ of its ciroumferonoe, corresponding to a single 

arm, its weight will be 2205 lbs. ; and if its connection with the adjoining segment is broken, 

2205 
the arm will experience, in the direction of its length, a traction expressed by g,. .^.- x 6*28* x 

9*58 = 25,887 lbs., which shows that in fly-wheels the centrifugal force acquires a dangerous 
intensity, and that it is well to give great solidity to their connections. The velocity of rotation of 
these machines should be confined within certain limits. If, for example, we were to impart to the 
above fly a double velocity, or 120 turns in 1', the centrifugal force of the segment just considered 
would l>e four-fold, or equal to 103,548 lbs. 

Application to the Motion of Water contained in a Vase turning round a Vertical Axis, — In this case 
the liquid molecules are simultaneously subjected to the vjrtical action of their own weight, and 
to a centrifugal force developed horizontally ; in order that they shall be in equilibrium under the 
action of these two forces, it is requisite that the resultant of these two forces should be normal to 
the surface assumed by the fluid mass, for if this resultant was inclined to the surface, the mole- 
cules would yield to its oblique action. 

Let us consider a molecule m with the weighty and mass Z', situated at the distance mp = B 

from the axis of rotation AG. In a horizontal direction and per- 
pendicular to the axis, it will be impressed with a centrifugal force 

expressed by ^ V B. Let us take m B = £ V^i B m D = |7, and oon- 

9 9 

struct the parallelogram mBED, whose diagonal normal to the 

surface assumed by the fluid intersects the axis at t. The similar 
triangles mp i and m B E give us m B or ^ \^ B : B E or j? : : mp or 

B : jj I, whence J? » = =^ 

'I 

Thus the distance p t' which is called the subnormal, depends only 

upon the constant number </, and the angular velocity supposed also 

to be constant. Consequently this distance is constant, which, 

according to the known properties of the parabola, sliows that the generating curve of the surface 

of the level is a parabola whose summit is at the point O, and whose axis is that of the rotation, 

2 a 
and we readily see that its parameter is ^, so long as we havepi?' or 2x : mp oiyM mp or y : 

P< or ^ , whence y» = _£ ar. 

Surface of Water contained in a Bucket of a Bydrauiic-wheel with a Horizontal Axle. — In following 
the reasoning of the preceding case, it is easy to see that, if we represent by a 6 the centrifugal 

p 
force -- Vi' B, and by a rf the weight p of any 

molec^e situated on the surface, we shall have the 
proportion a6 or -^ Vj' B : 6c or p : : B : 01, 

if 

whence 01= y-f ; which shows that the distance 

O I is constant for all points of the surface of the 
liquid, and that consequently this surface is that of 
a cylinder, with a circular base of radius a I, whose 

axis is parallel to that of the wheel. This theorem, ^, 

for which we are indebted to M. Foncelet, serves as | 
the basis of the theory which this engineer has given 
upon the effects of water in bucket-wheels with great 
velocities. 

Regulators with Centrifugal Force. — The action of 
centrifugal force is utilised in the construction of an 
apparatus called a governor. It consists principally 
of a vertical spindle A H, Fig. 211, which receives 
from the machine to be regulated a motion of rota- 
tion. Upon this spindle are suspended two rods A F 
and A P' jointed at A, and terminated by the equal 
weights or bobs F and F'. At the two joints B and B' of the rods A P and AF are jointed two 
other equal rods B C and B'O , forming with the first a lozenge, and which at their ends C and C 
are also jointed with a collar teversed by the vertical spindle with which it turns, having at t)ie 
same time a motion of translation in the direction of the length of this spindle. This ooUar has « 
yoke in which is fastened the fork of a lever D E, which acts upon the throttle-valves for steam, or 
upon any other piece. 




aia 
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The working of this contrivance Ib readily understood. By the effect of the rotatory motion of 
the vertical spindle, the baUs of the regulator are thrown outwards from the axis, and so raise the 
collar a certain height. If the machine nas attained 
and preserves its normal velocity, the balls and the 
collar are held in the same position, because there 
is established a state of equilibrium between the 
centrifugal fbrce and the weights of the different 
parts of the apparatus. When the velocity in- 
creases, the centrifugal force increases, tending to 
spread outwards the balls and to raise the collar, 
and consequently the lever D E. Inversely, if the 
velocity diminishes, the balls approach the spindle ; 
the collar and the end of the lever D E are lowered. 

Let us examine the mechanical conditions of 
the action of this apparatus^ and first suppose the 
collar G C, as well as the rods B G and B' G', to 
be in equilibrium with the lever D E, so that, 
neglecting friction, we may regard the rods AB 
and A B' as free to yield to the centrifugal force 
which tends to separate them, and to the weight of 
the balls which tends to bring them nearer to the 
spindle. 

The centrifugal force of each ball is --- Vj' x 

O P, and its moment in relation to the axis of joints 

p 
Ais— V. xOPxAO. The moment of the 

9 
weight P of each ball in respect to the same axis is 

P X O P. Gonsequently the condition of eqjuilibrium 

of each is ~ Vj' x AO = P, whence-^ = j-q ; 

which shows that the distance of the balls' sepa- 
ration from the spindle depends not upon their 

weight, but solely upon the angular velocity of rotation, and enables us to so dispose of the weight 
of the balls as to satisfy other conditions. If we call T the time of the revolutions of the balls around 

2ir 4ir3 1 

the vertical spindle, we have Vj T = 2 » = 6*28, whence Vj = -m-, and consequently -™ =T"6' 

"OA 




whence T = Zwj^ ^i^, which is double the duration of oscillations of a pendulum having for 

its height the height AO, at which the balls would be raised to the normal velocity. 

llie above formula enables us to determine approximately the height A O at which the balls 
are raised with a given velocity, and thus to establish their mean position. It gives, in fact, 

AO = |5 = 0-81517T«. Thus for T = 1", AO = 0-81517 ft.; T = 2", AO = 8-2606 ft. 

In this calculation we have neglected the weight and the centrifugal force of the rods A B 
and AB'. 

The preceding remarks are not sufficient to ensure the action of the pendulum as a regulating 
apparatus, since it is a requisite that it should be able to move the lever J) E and the parts for the 
distribution of the steam or water upon which this lever operates, or in other terms, it should be 
able to overcome the resistances experienced in the motion of the collar, when the balls are 
separated or brought nearer to each other. These resistances can be estimated or measured when 
the apparatus is constructed, and if we call 2 Q the vertical force applied to the collar in the 
direction of the vertical spindle, V, = (1 -f n') V| another angular velocity, greater, for example, 
than the mean velocity V| by a fraction n' of the latter, it is easily seen that the force 2 Q can bo 
resolved into two other forces parallel and equal to Q, applied at each of the joints B and B', and 
that then we shall have for the equilibrium corresponding to these new conditions, at the instant 

of its being broken, the relation -- Vj xOPxAO = PxOP+QxBO'. Calling a the dis- 
tance A B = A B' and 6 the length A P = A P' of the rods to the centre of the balls, we remark 

a PV. a 

that 6:a::0P:B0', whence B0'= ^.OP, and consequently —-^. AO = P + Q . ^. We 

have previously found that the value of A O corresponding to the mean position of the 

balls was A O = ^ ; the above relation becomes, then, P yj- = P + Q -r-, whence we derive 

P a V, a a 

Q "='6 V^t -V*| ~ 6 (2^' + n^g) = 267^'' ^ ^®°^ as n** is very smaU compared with n\ 

We also see, then, from these considerations, due to M. Poncelct, that there exists a necessary 
relation between the ratio of the weight of the balls to the resistance and the degree of regularity 
of which the apparatus is susceptible. 

We see, also, that for a degree of regularity desired or considered as necessary in the operation 
of the machine, the weight of the balls increases proportionally with the resistance which the collar 
opposes or experienoes. Then, for example, if we have the proportions a = '666, and if wo have 
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fi' = — = 0*02, we find ^ = - — -^-— = 1C*5, so that, if the resiatanco of the collar was only 
50 Q 2 X 0*02 ^ 

2205 lbs., the weight of each of the balls should be P = 11*03 x 16*5 = 181*99 lbs. This result 
shows that this apparatus cannot give a great degree of regularity to machines, without great 
dimensions and weights, if we would overcome, directly by the collar, considerable resistances. 

It is from a disregaxtl of these circumstances that many constructors have failed in the estab- 
lishment of this kind of regulators, made for the purpose of raising sluice-gates, or in fixtures 
for the distribution of steam. This serious inconvenience may be avoided ; and, with this simple 
and solid apparatus, we may obtain a proper regulation by arranging it in the manner which will 
be hereafter described. See Govebnobs. 

ffow to Estimate the Units of Work in a JSotating Body. — To take a simple case, let two balls, 
G and D, be connected by a rod, A D, and made to revolve round the centre, A ; suppose C to 
weigh 50 lbs. and D 20 lbs. ; the distance of G from A = 
12 ft., and that of D = 27 ft. It is required to find the ^ 2•^• 

units of work in these balls when the point B, 1 ft. from "^ 
the centre of motion A, moves at the rate of 19*3 ft. 
a-seoond. 

The centre of gyration is also required — that is, a point, 
O, in the rod where we may suppose the weight of the 
two balls collected — so that the amount of work may 
remain the same as when the bodies were apart. 

Velocity of C = (19*3 x 12) feet a-second. 

Velocity of D = (19*3 x 27) feet a-seoond. 

(19 3 X 12)2 X 50 
Units of work in = ^ ~- = 41688. 

ri9'3 X 27"^ X 20 
Units of work in D = ^- ^^^^~- = 84418*2. 

Total units of work = 126106*2. 

Let X be the distance, A G, then the work in the two 

ri9'3 wfY* X 70 
balls coUected at G = ^^ ~ = 126106*2. .-. a:» = 311|, and x = 17*639 ft. 

Now, if the two weights 20 + 50 = 70 lbs. be placed on the rod at the centre of gyration G, and 
move with a uniform velocity of (17*639 x 19*3) feet a-second, the amount of work in the bodies 
thus combined is the same as when posited at G and D, 

From this simple case it is evident that when the centre of gyration of a rotating body is known, 
the accumulated work in that body is readily found. To find the* centre of gyration in differently 
formed bodies requires the aid of a higher calculus, the introduction of which would be out of 
place in the present work. However, it is necessary to observe that the distance of this centre 
from the axis of rotation in a circular wheel of uniform thickness is equal to the radius of tlie 
wheel_x ^fi in a rod revolving about its extremity it is equal to the length of the rod 

^ V i, and when the rod revolves about its centre it is equal to the length x V^V* ^°^ ^^ ^ 
plane rim, like the rim of a fly-wheel, it is equal to the square root of one-half the sum of the 
squares of the radii forming the ring. 

Question.— The weight of a fly-wheel = 8000 lbs., suppose the centre of gyration to be 10 ft. from 

the axis, the diameter of which = 14 inches : tlie wheel makes 27 revolutions a-minute ; how many 

revolutions will it make before it stops, tlie friction of the axis being |'of the whole weight ? 

20 X 3*1416 X 27 
Velocity of centre of gyration a-second = -^ = 28*2744 ft. 

(28*2744)' X 8000 
Work in the wheel = &u = 99411*77. 

14 
Circumference of the axis in feet = 12 ^ 3*1416 = 3*6652. 

Work destroyed in x revolutions = 3*6652 x xx ^^ = 5864*32 x. .*. x = ~~^^ = 
•^ 5 5804*32 

16 '952 revolutions. 

Question.— Tho weight of a fly-wheel is 1} ton, the distance of the centre oj gyration from the 
axis = 8 ft., and the number of revolutions a-minute = 24; what number of strokes will this 
wheel give two forge-hammers, each weighing 250 lbs., each hummer having a lift of 3 ft., friction 
being neglected ? 

(20 'Vf" X 3360 

Velocity of the centre of gyration = 20 * 1 ft. a-sccond. Work in the wheel ^ . -^ .= 

22984 * 6. 

Work of X lifts of the hammers = 250 x 2 x 3 x u; ^ 1500 x. .'. 1500 x = 22984*6. .-. x = 
15*3 lifts to each hammer. 

Question. — The diameter of a grindstone is 5*6 ft,, and its weight = 386 lbs. ; the circuniferonco 
is made to revolve with a velocity of 6 ft. a-second ; the circumference of the axis = 8 inches, the 
friction of it - I of the weight : find the number of revolutions made by the stone when left to 
itself^ _ 

The centre of gyration from the axis of the grindstone = 2*8^1- 

To find the velocity of the centre of gyration, ^j- : 6 : : 28 V .J : 6 VT Tlie square of 



e V i = I& Work in the itono 
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ANIU AL-CHABCO AL UACHINE. Fb,, MtMChine d purser U noir anioutl ; Geb., Miuchint mr 
Bereilung der ThierMiU ; Itm.., Macchina da car^xme tminuJi ; Span., Miqwna para purificar el caHmit 

The AppnratDB of J. P. Brinies, of London, foi lebnnung n-TiiTni!.! chaicoal ii shown in Figs. 21Sl 
214, 215, 216. 





Fig. 213 repKseiitB & tnmt elevation of the appo- 
ratiia. Fig. 214 is s sectionst elevation of Fig. 213. 

Pig. 215 is B back elevation, and Ftg. 216 la « 
section at (be boek of the apparatus, A is tbo brick- 
eetting of tbe horizontal retorts, B, and C, each of 
wh[eh receives a circular reciprocating motion of 
near]; one entire revolution on its longitudinal axia. 
The upper retort, which acts as a drying-chamber 
for preparing tbe charcoal for the re-carbonization 
which takes place in the lower retort, is contained in 
a separate bnok-chamber of its own, which is situated 
immediately above the roof of the furnace or fireplace 
D, the heat from which, after circulating round the 
lower retort, enters the upper chamber through open- 
ings left for that pnrpoae in the roof of tlie fumaoe, 
and then acts upon the upper rctnit before pa^ine 
off to the chimney. E E are passages provided with 
dampers, and leading to the main flue, F, below. 
The two retorts sre provided with a series of internal flanges, a, a, at intervals of about 6 or 
8 tnches, and ledges are formed betocon tbo Sanges for carrying up Uie charcoal as the retort* 
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redproodte. An opening is mads through e«di flange, and all Uiom openings are diipoeed in a 
line with each other. 

In order to canso tho charcoal to travel eontinuooaly alont; the retorts dnriDg the pnxen 
of rc-carboniiing, an anglod projection, somewhat after the form of a Uiree-eiJcd pyramid, b, is cast 




llie npi^itifCB in tliow 

flnngca. The two op- 

jioeite eidcB of thcae 

[imjectiona present ra- 

verao Billies, both of 

which dirwt the cbnr- 

coiil into the next in- 

lervnl or Bpnpe on tlio 

iinrtiBl mtnlton of the 

The upppf ro- 

n direct by b mnnglo whctl and pinion arrongcment O, and Hits 

traiLsmiltnl to tlio lower retort by mi'Hiia of tho endless ctiBio II, 

biiBpenJed from tho rear end i,t tbe mi]>er retort, and passing under tho 

corrcBpondinK end of tho lower retort, IJoth ends of the retorts are mipiiortud 

ii|>on nnli-friction pulleys, cc, carried in the tntnsvcrao framing, 1, bolted to 

the main supportinf; eolumns, K E. The feeding-hopper, L, opens into » 

flonr. SI. from which tlie charcoal is ahorelled when being snpjilied to the 

retorts, the feed being adjusted by means of the sliding door, M, worked by 

'h-liandle and scrow-spindlo. N is a sliding door, covering an openiiig 

""'"'"' ' ■' -" '= — : Ibo intcriof 

pofioat O in 
rt discharge 

receiver, H. from tins receiver it posses through the cooler, wJiicb conaiets of 
a number of long, narrow passagee, T, placed side by side, end having inter- 
vening air-spaces between them, for the more effectual cooling of the contents. 
By the time the chareoel hes traversed theso coolera, it is sufflciently oool to 
be exposed to the action of the atmosphere, and is dixcharged into a small 
truck or waggon, V. The vapours whicn are evolved during the rebumin)!; of 
, the oliarcoal are carried off by the pipe V, provided with a throttle-valTe, W, 
into the chamber X, communicatmg with the chimney. The unpleasant 
consequences arisin;; from the free escape of noxious effluvia are thus obviated. The entim 
arrani^nient ia supported upon strong iron girders, Y, resting upon columns, Z, in the fanscmenl. 

Koch apparatus of two cylinders over one furnace is capable, in ordinary working, of reburning 
about 90 tons of animal chnrroal a-week, with a consumption of about 10 tons of coal, or at the 
rate of only 1 ton of fuel to 9 tons of charcoal. 

Animal charcoal ia prepared by calcining bones. The bones are either placed in closed retorts, 
eimilar to those employed in the manufacture of gns for illuminating purpoBea, or, belter still, in 
closed iron or earthenware [lots, piled one above another in kUns, somewhat similar to pottery-kilns. 
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■ubseqnctitly cruahcd bj posBiDg them through roUurs, wLich aro grooved in onlcr to prevent tbo 
fonoution of duut or fino powilur ; the charcoal being roquireil in & gtntiulatcd state, uud free from 
dmt, fur the piirpoaes of the 8U);iu-n>liDer. Afttr bein^ uwil Homu little tirao io the clnrifying of 
sugar, the cluircoal loses its decoIouriziiitipropiuliL'ii: auil, in order to restore them, it is BUbJcetedton 
ruvivifyiiij; process, which coiulsts in flrot thorouglily wriBbing it, for tbe nnrpoeo of removing tlio 
Bnccbarinc mutter adhering to it, nnd tliun olluwiug it to dry. When diy, it is plnced in rioso 
vpssela, or retorts, and rccolcincd. On cooling, it is found to linvo almost entirclj- rcgnined its furiuer 
virtue. The immense consumption of animal chnrcoiil in tho purifying or decolourizing of BUgnr, 
about 70 tons of chareoal to 100 toua of sugar, renders the process of revivifying one of ooDsiderablo 
conimeirial importance. 

In France, the rehuming or revivifying of animal charcoal hns long been cntriod on, but until 
very recently iu a crude oud imperfi.'ct manner, eotiipojud uitb thi. luechaotenl appliBnecs which 
have been for some years brouglit to bear upon tbis branch of industry m this country Tho 
arrangementdcsignedbyCrespcl-Delissc.of Arras, isshowDUi Fig 217 a bich represents a tniusrcnie 
vertical section of the furDacc, taken tbrougb j|, 

two of a series of twenty retorts, place<1 Hide 
by side in pairs, and heated by one fumaco. 
A is B brick ^setting, and B tho furcaco, 
olwve and on, cither aide of which aro 
arrnnged the inclined retortx, C C, act in tho 
oombustion-cbumber D. These retorts aro 
of a rectangular section, and open at their 
upper ends oo to the plato E, upon which 
the animal charcoal is spread for tlio pur- 
pose of dryiu)! it before it is ebovelled into 
tho retorts. Near tho bottom of each retort 
is fittc<] a sliding door, F, which la kept 
shut nbiUt the rcbuming is going on, and ;, - 
opened to empty tbe retorts. Tho charcoal, C:^, 
ns soon as the dischorging-doors arc ojxinc J, | . 
descends by its own gravity into closcil tu- ^ " 

ceivors, G, where it is kept ftrim contact f ^_ ] [ 

with the atraosphero mitil HUfllcicDtly cool -.-.-■ . - , 

to be packed. 

Each receiver is capable of containing one charge of the retort : and by tbe time the charge lins 
suffioicntly cooled, the succeeding one vchich has been introduced into the retort will l>e ready for 
diiieharKing, consequently tho process is nliuost contiuuous. From twenty-five to fifty minutes ore 
rccjuireil for tho rebuming of eocli full charge of tlio entire scries of twenty retorts, which, working 
day and night, give on au avemgii about one ton of animal charcoal in tho twenty-four hours. 
Tho consumption of fuel is at tho rate of about one ton of cool (or Ave tons of revivified annual 
charcoal. 

Wlien crucibles or pots are need, t)ie gns evolved tbrongh opeoings left for that purpose rcndilv 
ignites, and so assists in the burning of tlie chiircoal : the result being a probable savin;; of fuel, 
as comjiared with the consumption when ordinary closed retorts, siniUor to gas-retorts, aro 
employeil. 

Tho llrst improvement of anj note in tho appliances for rcbuming animal charcoal waa 
cITcctod in 1846 by J. W. Bowman, who introduced revolving retorts in lien of statiouary apparatus, 
wberebytbecharcual, by being constantly agitated and tuniodover during the process of reliuming, 
is more readily ami uniiormly ojicmtcd upon. thuselTecting a saving of both time and fuel. Fig. 218 
sliowB a longitudinal vertical section of Unwmon's amin^i'ini'iit. A is a cylindrirol horizontal 
retort, which revolves in U«riniW forrmil in tiic two fixed cnd-plat<w U, rotatory inotinii lieiug given 
to tbo retort by means of cndleiis clinius, C, passing nuiiU large grooved pulleys, 1>, on each euil of 
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tho Tetort. and over ooneaponding pulleys, E, on on ovcrhoiul Hhatt, F, driven by etca^ or other 
powor. lich oitremity of the retort ia provided with a door or cover, U, the front one of vfhiek ia 
DO llxed ns to bo reeduy removed, 
and whea romoveil, suspended by 
tho clioiii, II, wliicb peases over 
overhead guide-pulleys, and baa a. 
counter-wcii^ht guspended thereto. 
I is & tube !□ the back-coYet, 
through which any vapours driven 
off from tho animal chorcoBl may 
puBB away to a condenser. K is 
the flreploco or fumaoe for heatEog. 
tho retort ; and to prevent it acting 
too violently on the retort, fire- 
bricha or lumps, L, with oponiugs 
in tbem, are interposed bi^twoen 
the fire and the retort. M M nro 
dompera tor regulating tho fire. 
Inside the retort ore fitted a num- 
ber of lodges, N, which, during tbo 
rovolation of the cylinder, cause 
the animal cbarcoel to be deflected 
towards the centre, thereby effeo- 
toally bnming and ■Tegulating tbo 
oontents whilst subjected to tho 
action of the flre. Tho flames and 
products of combustion have free 
play round the sides of tho retort ; 
and as the latter is constantly 
revolving, it bccotnes uniformly 
heated. In using this apparatus, 
a charge of animal cborccel is in- 
tmlaced through tbo front door, 
which is then closed, and the retort 
till tho charge ia 
it, after which it ia 
a fresh charge in- 
troduced, tho pnxcsB being inter- 
mittent. 

The ImpiDTeoienta in the con- 
etruclion and setting of revolving retorts for rebuming auimnl charcoal, introduced in 1332 by 
Qeni^e Torr, are shown in Fig. 219. The sides and one cud of tbo retort ore containe<l witliin the 
combustioa- chamber ; thus the end of the retort is heated by the flames which are allowed to play 
round it. 

Fig. 219 is a longitudinal vertical section of Terr's apperatns. The retort A is cylindrical, and 
revolves on a liurizontel axis. That end of the retort situated inside tlio setting has a boss formed 

upon it, which passes out through tho sot- .no 

ting, and oirries a large grooved pulley, B ; 
a corresponding pulley being fitted on to tho 
front enil of the retort. Prom these two 

-<y»,end- " 
. ihnS P 

means of which a coutinooua rotatory motion 
a transmitted to the retort. F id a jiipo for 
carrying off tho vapours, and G ia a long 
plata fixed by arms, H, to tho interior of tho " 
retort, for the puriiose of tuminK over its 
conttnls. The addition of this plato alone 
makes a differenco of nearly ten tons of 
charcoal in favour of Terr's arrttngemont as 
compared with Bowman's. I ia the com- 
bustioD-ctuunber, within which tiie retort 
revolvee, nnd which is acpnratcd from the 
furnace, K, by the fire-ch»y lumpa, L, 
Upenings in the roof of the chamber aflbrd 
a communication with tho Rue, M, leading 
to tho chimney. Tho charging and emptying 
door is hinged to the retort at N. This 
process is also intermittent, as the Tetort i» 
stopped whilst being SUed and emptied. 

In 185<j, Jamee Bryant obtained n patent tai tho use of retorts having a rcciprnrating or 
alternating mtalnry motion on tlieir mxt, in lien of a nmtinuoua robitonr motion, as tn Bowiiinn 
aniJ Terr's arransrements. Brjant's retorts were constmclcil and airangc<l in a airailnr nmnner to 
Ton \ with a apnco Wtwccn tlicii inner ends nnd tho sotting for the free circulation of tho flnma 
and gaacs from the funtoco bcluw. They were suapcndcd at one or Iwlh ends by endlesa chains 
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paaring over polleja on a driviog-shnft aboTc, which shaft received an nltomating or reciprocating 
rotatory motion by tneene of the " nutngle wheel " or pinion amingi:m(-i)t. and consequently the 
retorts wi^ro maile to rei^ipiocete on their axcu. The ulterior of cfich of the retorta vas provided 
with lalucs eimilar to Bowman's, for the purpose of turning over and deflecting the charooal 
towards the centio of the cylinder. Accordliig to Bryant'g mode of setting, n number of retorts 
were ranged side by side, nnd their several actuating shafts were geared together, so as to work 
in concert, the first shaft of (he series only being driven by the reversing arrangement. 

Tho flnt arrangement rendering the process of rcbuming animal charooal continuoua wu 
invented by Brinjcs and CoUins in IttStJ ; the retorts, according to tlioir system, being continuously 
charged at one end and emptied at the oppomte end by tho aid of an ArcAimtdiim tcrea inside the 

Fig. 220 represents a longitudinal vertical section of a portion of Brinjes and CoUins' arrttnge- 
ment. Tho retort oonflists of a longitudinal cylinder. A, which does not levolre, but is set 
pemiiinciitly in tlje brick- 

work, B, in euch a manner '"■ 

as to leave a free apeoo all 
round it fur the eircubition 
of the flames and gasoa from 
tho fumaofc C, beneath 
Into one end of the retort 
opens the mouth of a feed- 
ing-hopper, B, whilst its 
opposite end opens direct 
into a chamber, E, which 
leads by the passage, F, into 
a number of narrow cooling- 
tubes, U, in passing down 
which the charcoal is euS- ■> 
cieiitly cooled to be reedy for 
packing. These tubes open 
at their lower extremities 
into a box, H, shown also 
in side -elevation detached, 
fitted with two slides, m tho 
form of gratings, which slide 
over other gratings fixed inside tlie box These slides are moved by tho donblo lever, I, on the 
spindle, K, which apmdlo receives a rocking motion from a crauk-pin, I , through the mtcrvetition 
of tho rod, M, and lovei^iina, N. The ctank pin is earned on Uio end of the shaft, O, of an 
Archimedian screw, P, revolving slowly inside the retort A, in order to move tho ehorcoal steadily 
along whilst being rcbumt, and to discharge it into the chamber, E, and oooling-tubes, G. Tho 
screw derives its rotatory motion fhua n worm gearing into a worm-wheel. Q, on tlie ecrow-elieft ; 
this shaft, which carries the worm, being driven by a belt and pulley. It will thus b< 




„ o r A pipe is connected with the chamber, E, 

for carrying off tho vapoura and gases evolved from the charcoal inside the retort, and ecmTeying 

them to a condensing-vorm or other con- „ 

densing-apparatus. 

The idea of a oontinnons process of 
changing and emptying tho retorts, Btst 
carried out by Brinjes uid Collins, was sub- 
sequently foUowed up by Drummond, of 
Montreal, and a patent was obtained in this 
country for his arrangement, in the utuue of 
James Paterson, in the year 1B62. 

Dnunmoud's plan, Fi;;. 221, consisted in 
placing two or more inclined revolving or 
reciprocating retorts at reverae angles one 
above another, so that the charcoal descends 
by its own gravity from the upper to the 
lower retort of the series. The figure re- 
presents a longitudinal vertical section of 
this arrangement. A and B are two cylin- 
drical retorts, inclined in reverse directions, 
aud plsciid one above the other. The fiame 
from tho furnace, C, has free play round the 
sides of both letorts, which are caused either 
to revolve continuously, or to have an alter- 
nating motion on their axes, by means of a 
worm, O, gearing simultaneously into t 
worm-wheels, E, fitted on to the end of the 
upper and lower retort respectively. The upper retort. A, is supplied with charcoal by the feedin^- 
liopper, F, and as it revolves, its contents caused to ilBscend gnidually along the interior, until it 
rmches the lower end, where it is lifted up by a series of vanes, O, attached to the end-cover of the 
retort, and by them discliargod into a pipe, it, leading to the higW end of the retort below. After 
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tiATeraing the second retort, the charanl ia e^in lifted up bj a set of revolving vanca, O, and 
diBcbkrged into the pipe, I, which condacta it to the closed veesel or receiver, J, where it remnins 
until coo) enough to tie parked. B; employing two or more rclorta in connection with each nthpr, 
and 80 arranging them tliat ths last, or that in whirh the operation is completed, idiHll receive the 
greatest heat, whilst l)io first of tlie aeriea, or tliat into which the charooal in first sopplicd, receives 
the least amount of heat, a coumdemble saving of fuel is effected, as the otherwise waste hent, after 
havii^ acted upon the lower retort, eerves to beat the upper one, and thereby to gradually proparo 
the charcoal for the greater beat of the fini^iing retort. K ia the upper surface or top plate 
of the *iVn upon wbieh the charooal may be dried and then sbovelled into the feeding-hopper, t)ie 
plate being slightly inclined to facilitate this operation. Dnimmond, it appears, was the fint to 
propose the use of two or more retorts placed one above another. 

In 1662. Torr o'bt&ined another patent for apparatus for manafactnrinf; and rebnraing animal 
charcoal, whereby the process is carried on continuously, iiuteed of intermittently, u in his first 
arrangement. 

Fig. 222 is a longitudinal vertical section of this snbsequeDt arrangement. A is a revolving 
retort, placed horixon tally, and provided with an Archuaedian teraa, B, ill the interior tlieieof. In 
tlie iaterior of tliis cylinder, jj, 

termed the " main cylinder," 
tliere is filaced another and 
BTDaller cylinder, C, the axis of 
which coincides with the axis of 
the main cylinder, a space of about 

1 inch being left between the ex- 
terior of tlie inner cylinder and 
the threads of the screw, B, This 
inner cylinder is open at both 
ends, and extends to within 6 or 
8 inchca of the back end of the 
main cylinder, and piojects about 

2 feet beyond the uont of it. It 
is secured to tlie outer oylindcr, 
and revolves with it. 

An Arcliinitdiaa lerew is also 
formed inside the inner cylinder, 
but in the reverse direction to 
that of the main cylinder ; and its 
pitch and depth must be iu ao- 
eordance with the different dia- 
meters and pitch of the outer 
screw, so that the crushed bones 
or charcoal will travel with the 
same velocity Emd in a oontinuous 
stream through each cylinder. At the front end of the inner cylinder there is a stationary hopper, 
D, for supplying the bones or charcoal : and to the front ends of the cylinders, A and C, is secured 
a revolving oooUng-boi, E, consiHttDg of a double drum of sheet iron, the inner drum having about 
the same diameter as the interior of the main cylinder. The outer side or face of this drum is 
closed ; but the inner side, next to the main cylinder, is left open in the centre to receive the 
contents of the cylinder. A, after being opeisted upon. A slide is placed between the ioner ukd 
outer drum, for the purpose of discharging the contents from the inner into the outer dmm, where 
they are kept from contact with tlie atmosphere till sufficiently oooled to be discharged mm the 
onter drum, by opening another sliding door. In order to economize fuel, tbe waste beat from the 
fnmace, F, after passing round the outer or main cylinder, A, and before passing to the chimney, 
enters a brick chamber in which there is a revolving ovliuder, O, by preference of the same 
diameter as the inner cylinder, C, and provided with an Internal Ardiimedian icrete attached to or 
east nn its inner surface. Tbe crashed bones or charcoal are fed into the upper cylinder finm the 
stationary hopper, H ; and, after traversing the length of the cylmder, ate discharged down the 
shoot and hopper, D, which direct them into the inner cylinder, C. After traversing this cylinder 
in one direction, tbe charcoal is discharged at the inner aid of the oylinder into the mniii or 
outer cylinder, uid returns in the contrary direction, being finally discharged into the revolving 
cooling- box. 

In 1804, J. F. BrinJM contrived an arrangement of horizontal cylindrical retorts, having a 
circular reciprocating, instead of a continuous rotatory, motion on their axes. Fig. 223 represents 
a sectional elevation of this arrangement. A and B are the upper and lower retorts ; the upper 
one receiving a circular rcciprocatmg motion direct from a nmngle wheel and pinion, or other con- 
venient oontrivance ; and the lower one deriving a similar motion from the upper one by means of an 
endless chain passing over the end of tlio upper retort, and under the end of the lower one, 
suitable teeth or projections beins famished for taking into Uie links of the chain. These retorts 
are contained in separate chambers above the furnace or fireplace, C, openings being made in 
the roof of the lower chamber communicating with the appet one, bo that a fre^ circulation of 
the heat from the furnace is allowed to take pUce around both retorts before it escapes by the 
passages, D D, lending to the flue, E, and chimney. In tbe interior of each retort a number 
of internal flanpes are fixed at regiilar intervals, and an opening is made in each flange of the 
series, such openings being in a line with each other, from end to end of the retorts — the arrange- 
' far being the same as that shown in Fig. 223. Along this line of openings a rocking 
• -•-'•- --- - ■ ■ ■ !..__. !_.ij_,^ Vines or plates, a, one in each of the 
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interrala between the BfingDs. As l)io cylinilora reciprooito roam] llidr axc«, tlio eronkcd ahafta, 

with their vnni's, tnm over, pnrtly by thuJr own gravity, bo as to rovorea the ouglo of the 
vanes : and ennBoquontly the cliar- ^ n-^ 

conl, as it falls down ttis riuing 
aide of tlie lotort, wilt como in 
contact with the vonoa, and by 
that meuia be deflected into the 
adjoining interval. When the re- 
tort reverses its motion, the vanes 
turn over to the opposite angle, 
and the charcoal is again directed 
by the inclined amfaccB into the 
next one of the intervals between 
the flanges, and so on till it has 
travelled from end to end of the 
retort. L is a transverse section 
of one of the retorts, showing tlie 
ililTcrent positions of their vanea 
or deflectors. Tlie cliarcoal is 
discharged from the end of the 
upper retort into a pipe, F, which 
condncts it into the end of the 
lower retort, tlirough which it 
travels as above described, and is 
finally discharged into b double 
revolving cooling-boi, O, which is 
l,e])t cool by b water-jaclcel. The 
fL'oJing-hopper is shown at H. It opens out to n floor or plntform above the retorts, whereby tho 
cliarcoal can be readily shovelled into it, and is proviilcd with a sliding door forTcgitlating the food. 
I is a pipe communicating with the connect] n};-pipe, F, of tho retorts, for the purpose of cnrryinj; 
otf tlie vapour and effluvia evolved from tlio rharcvinl anil eonvoying it into Die chamber, K, leading 
to the chimney, n throttle-valve in tliis pipe serving to regulato the drnught to the extent reqiiirnl. 

ANNEALING-FURNACE. Fa., flmr«MU a rC "-- '-" '- ' '-- '-■ 

Fortio da ricuocert ; SPAN., Jlorao para icmplar vidrto. 

See Furnaces. 

ANNULAIt PISTON. Fb., Piilm annujoirv,' Obb., EingfOrmiger KoOen; Itai., Blantuffo 
aouiuv ,- Spiir., EnMo anttlar. 

See Details of Enoimes. Frura. 

ANTI-COBROSION. Fb,, AnU-corrotiim ; Gbb., Oegen-Aelmng ; [tal., Aatioorrotim ; Bfan., 
.4aii-coiTonon. 

See ConnonoH. 

ANTI-FRICTION HETAL. Fr., iMiU pour dininuer U froltemenl ; Ger., EcSnm} termin- 
deraniis MeUxl ; ItAL., I-ej/a di anU/rtijamento ,- SPAN., Met<il para dinnmuir el rozamieato. 

Babbit's metal is usnally termed Anii-/nciio» nu(al ; it is composcil of SO parts tin, 5 antimony, 
and I copper. See Alloys. An alloy of tin and pewter is often used as an anti-friction metal for 
tho bearings of engines. 

Fcnton's anti-friction metal is a mixture of tin, copper, and zinc : it is lighter than giin-metal, 
and of a soapy character, so tliat less oil or grease is required with it than with gnn-metal. 

The anti-friction metal in use on some of the Belgian milways is, in places exposed to much 
frii^tiou, composed of 20 parts copper. 1 tin, 05 antimony, 25 lead; and for parts eiibjer.ttil to 
great Concussions, £0 copper, 6 zinc, I tiu; for Burfacca exposed to heat, 17 copper, I zinc, 0'5 tin, 
0'2d lead. Mix the last-mentioned ingredients, and then odd the copper. 

For the beari^a of axles and journala, a compound grease is often employed, and termed anti- 
friction grease. P. 8. Devclin oil, which is compnsoil of hog's-lanl and gutta-iXTcha, when mixed 
with black-lead is termed anti-friction oil, nnd frogucutly used in the United (States. 

At Munich a composition is used consiating of 10 '5 pnrts faogVlanI, melted with 2 of flncly- 
powdered and sifted black-lead. The Bist of these ingredients is gently melted, and when liijuid 
the black-lead is gradually added, the whole being stincd until the ingredients are thoroughly 
LDCorrnrated, and until the mixture is quite cool. 

ANTIMONY. Fa., Xnliinoiw ,- Qeb„ Anlintonium, Spiest^lam ; ItAl., Aatimmio ; Sp^ Autimonio. 

The properties of antiiaony are in many respects distinguiahed from those of other metals, 
particularly in its tendency to dryslalluee. When antimony is melted in a pot and sufTcrnl to enol 
on its surfooe, and the fluid part then cast olT, a mass of beautiful crj'stals remains in the ixit. 
Antimony is very brittle. It may be pulvcriaod in a mortar. It is silver-wliite, and with a 
brilliant lustre. It fuses at about 800^, or at a dull red heet, vaA volatile at white heat. Its 
apcciflc gravity is G'7. The metal in its pnre condition is not in use, but alloyed with other mctnls 
is mnch employed. Tho only useful ore of antimony is its solpburet ; no other kind is obtained in 
sufficient quntitity to be smelted. 

The sulpbnrct of antimony occurs in raassee, consisting of crystalline needles, which are eloselv 
united. It is of metallic lustre, of a grey colour, and forms a grey powder. When gently heatiil, 
it turns black, or is iridescent. It is extremely fusible, and molts in the flame of u candle with llie 
eilinlation of a sulphureous smell. After Iwing heated, the powder is very blnek. Tliis ore 
eonaista of 72*86 metnl and 27' U sulphur. Its spociflc gravity ia 4-1 to4-C. Sniplmrct of anti- 
mony occurs in and near the veins of sparry iron-ore, with heavy apar, blende, gtdeuo, quartz, and 
other mineEols. Host of the inctol in market is obtained from Uermany. 
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Alloyt.—M} the antimony niflnl of pommoreo mny ho considfiwl nn nllny. It is nerer pure, but 
cnnlnini iron in nil instaiim'B. Antimony nnd tin. mrltcd ti^tlicr in uqnnl inrts, fom ft mndentrly 
hnrf, britllo, but very brtlliiint nllny, wliinli is not eoon laniishcd, ami iBfrciuciitly Gmplnycil tor 
enmll epeonluini] in tolcacopos. Or all tlio mctnis, Mitininny combines ninei rooilily with potaanuin 
or eodinm. These alloye are obtainnl by emelting the earlxinHceous conipouodd of thcoo metals, or 
their oiidea mixnl with cnrbon. The prcsenco of other tnetala, BOoh as copper or silver, doea nnt 
iltminiBb the aftinity of theita metnla for nntimoDy. The alloy thua formed of the alkaline metals 
and antimony in not cnaily evajmrated by n strong Iteat. Anenio and antimony combine in alt 
proportionii, and form, unuxpL-cU.'iliy, a IcnnciouB alloy, ivhich is Very fuaible. compact, and oftrn of 
ft F^nular textures. It has been rcmnrkul, in speaking of the alloys of iron, that tliis motal alloyed 
with iron causea the comiound to bo extremely hard. EJRbty ports of lead and 20 of nntimony 
form typo-metal ; to tliis commonly 5 or f! parte of bismuth are atldcd. Tin 80 parts, aiitimeny 20, 
is mnsic-motal; it ia also composed of G2'8 tin, 6 antilaony, 2(! copper, and 3'2 iron. Plntc-prwler 
also cootaina tam 5 to 7 per cent, of antimony ; 89 tin, 7 nntimony, 2 copper, 2 iron, is one of these 
compotitiona. Britannia- metal contains frequently an equal amount of antimony. Qneen's-metal 
ia 75 tin, S antimony, 6 hismnth, and 9 lead. 

Uses of Antimony,— Bcsidca its employment in medicine, it is much nsed for forming alloys ; of 
tlieee, type-metal and anti-friction metal— which is type-metn! with the addition of copper — aro 
tliose mffflt used. Crude antimony ia employed for purifying BoIJ. 

.Waau/ncfurB.— The Bmeltinjf of this metal ia very simulc. It is easily tevivcd from its ore, 
which, however, is attended with a heavy loss of metal. Tha crude oro is picked by liand : the 
pieces are broken to tiie aizo of an cg^ ; and, by moans of a hand-hammer, the gnngno, such as 
quartz, barytna, or carbonate of lime, w removed. These pieces may bo healed in an oarthenwaro 
pot, in the bottom of which there is a amall apertuie. The aulphuret of this metal, melting at n 
very low heat, will flow ont from the gangue, and may be gathered in another pot set below. The 
operation uswl to bo performed in thia manner ; but, aa it is expensive, the oro ia nt present melted in 
a reverberatory furnace, similar to that abown in Fig. 221, tho hearth of which is very concave, and 
formed of «and. In Uie centre of the „, 

hearth, at ita dcepeat part, there ia a 
tap-holo which commnnicateB with ono 
of tho long sides of tlie fnmnce. Tlio 
ore, on being sorted, is aprend over tlie 
hearth of the furnace, and ia there 
melted. The tap-hole ia atopped by 
denae coal-dust while the reduction is 
goin^ on. About threo-hundredwcight 
of ore ia charged at once, mixed with 
iron-ore or hammer-slag, and heated, 
with an occasional stirring. Eight or 
ten lioura ore sufficient to Snish ono 
heat, after which the metal is tapped, 
the scoria removed, and tho fomaco charged ... 

The metal thua obtained is not pnrc. It contains iron, sulphur, aitenie, lexd, and copper: 
tVom meet of these admixtures it may be freed to a certain extent, but not entirely. This metnl Is 
refined by remelliuz it in eruoibles, arranged on the hearth of a reverberatory furnace similar to 
the ono ahowu in Fig. 225. The pots contain abont 80 lbs. of metal, which is covered with cool- 
dust. Those are exposed to a low, 
uniform heat for some hours. Host 
of the metals are thus oxidized, and 
may be remoTed after amptying (he 
crucibles. 

The smelting operation is in 
•ome instances divided into two 

manipulations; tlie one, or first, is |^ -,- i ' 

a process of liquefaction, in which 1: < 

the crude antimony is melted in t~ ' 

vertical pipes, and thus separated \ 

from tho gangue, which remains in / ' i i J . " 

tho retort while the former filtrates p 
through the perforated bottom. . 

In Uiifl operation much of the , ^ _ i 

antimony is lost. A part of it 

adheres to the gangue, which in pool amounts to 25 per cent., and is 

Part of the crude antimony also volatilizea, which increoses the loss. Thia Insa ia, tliereforc, a 
important object where the ore ia expensive; and it may be in most cases tho beat plan to stamp 
and wash it while crude, free from Uie rocky matter, and then subject it to reduction by direct 
smelting. The specific gravity of the oro is sufficiently greet to remove the moat of the gangue. 
Hetollio sulphnrets of other metals than antimony, of course, remain with it. The crude antimony, 
or the conoentrated oro-eand, ia Emolted with metallic iron, or iron-ore : and since it ia difficult to 
add just as much iron as is roijnired'to absorb i^ the sulphur, and os too much imparts Iron to the 
metal, tlio practice ia to add cither carbonate or sulphate of potash, or eoda, end also fine charoonl- 
powdcT, to the ore. One port of metallic iron to 2 or 2 '5 perlaof crude antimony, ou^-lit to absorb all 
tho sulphur: but when no other flux is present, about 20 perc^-nt.of antimony remains in the slaga. 
By nsin" 42 pnrta of iron to 100 of crude antimony, with 50 catbonntc of soiia and 5 charcoal, ncmrly 
" - - •- ^ )f the antimony is revivcl. Instead of metallic iron, any kind of pure iron-ore uiay bo 





loaa than 1 per cent. 
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employed with more ohaiooal; but its metallio contents should oome near the aboTe-named 

quantity. 

In refining the crude metal of antimony in crucibles, it is adYantaseous to soak the charcoal- 
powder with which the metal is covered, in a strong solution of carbonate of soda. When the 
metal is not sufficiently pure after the first refining, the operation is repeated. In all the operations 
with antimony, a high heat must be avoided, for the metal as well as the sulphuret is very volatile. 

A fusible slag increases the yield of the ore. 

ANVIL. Fb., Enclume; Gbb., Amboss ; Ital., Tuendine ; Span., Ttmque, Bigornia, 

An anvil is an iron block, usually with a steel face, upon which metals are hammered and 
shaped. The ordinary smith's anvil, Figs. 226, 227, is one solid mass of metal,— iron in di£ferent 
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states; G is the core or body; B, B, B, four comers for enlarging the base; D, Fig. 227, the pro- 
jecting end ; it contains one or two holes for the reception of set chisels in cutting pieces of iron, or 
for the reception of a shaper, as shown at E, Fig. 226. In punching flat pieces of metal, in form- 
ing the heads of nails or bolts, and in numerous other cases, these holes a, a, of ordinary anvils, 
are not only useful but indispensable. A is the beak-horn, which is used for turning pieces of 
iron into a circular or curved form, welding hoops, and for other similar operations. In the 
smithery, the anvil is generally seated on the root-end of a beech or oak tree ; the anvil and 
wooden block must be firmly connected, to render the blows of the hammer effective ; and if the 
block be not firmly connected to the earth, the blows of the hammer will not teU. The best anvils, 
anvil-stakes, and planishing-hammers, are faced with double shear-steel. The steel-facings are 
shaped and laid on the core at a welding heat, and the anvil completed by being reheated and 
hammered. When the steel-fieusing is firet applied, it is less heated than the core. But the proper 
hardening of the face of the anvil requires great skill ; the face must be raised to a full red-heat, 
and placed imder a descending column of water, so that the surface of the face may continue in 
contact with the successive supply of the quenching fluid, wliich at the face retains the same 
temperatiire, as it is rapidly supplied. The rapidity of the flow of water may be increased by 
giving a sufiBcient height to its aescending column ; it is important that the cooling stream should 
fall perpendicularly to the face which is being hardened. Heat may escape parallel to the face, 
but not in the direction of the falling water. The operator, during this hardening process, is 
protected from spray and smoke by a suitable coves; and by confining the falling water to a 
tube which must contain the required volume. When an anvil is to be used for planishing metals, 
it is polished with emery and crocus powders. The skilful manner in which Henry Walker, of 
Red Lion Street, Clerkenwell, combines and carries out these apparently simple operations, in 
making anvils and planishing-hammers for silversmiths and metal-workers, gives him the reputa- 
tion he so well deserves ; — to describe a process is one thing, but the execution requires practice as 
well as skill. See Fullebs. Shapers. Stbam-hamiteb. Upsettino-block. 

APERTURK Fb., Ouioertwre ; Gbb., Offnung ; Ital., Apertura ; Span., Ahertura, 

In building, the teim aperture is usually applied to doorways, windows, and other openings 
through the walls: the sides of a rectangular aperture are namea ^^ jambs i" the upper part, the 
''head;** and the bottom part, the **«7/.** 

APPROACHES. Fb,, Approchea ; Geb., Zugang^ Laufgrdben ; Ital., Approcci ; Span., Aproches, 
Ataques. 

Works thrown up by besiegers, to protect them in their advances towards a fortress, are termed 
approaches. See Fobtifioation. This term is also applied to those parts of a roaa which are 
raised to suit the level of a bridge over a railway or canal. 

APRON, IN SniPBxnLDiNO. Fb., £peron. Centre strove; Geb., Binnenvorstefsen^ Ut^lauf ; 
Span. Albitana de proa, 6 contraestrabe. 

The apron, also termed stomach-pieoe, is a strengthening compass-timber, which is bolted 
behind the lower part of the stem, and immediately above the foremost end of the keel. 

APRON. Fb., Radier ; Geb., Platform^ Schieussen bett ; Span., Zampeado. 

In engineering structures an apron is a platform of wood, stone, or brick, placed at the base of 
the structure, to protect it from abrasion or heavy shocks. The platform which receives the water 
falling through the sluices of a lock-gate or embankment is called an apron ; the planking or 
platform placed at the toe of a sea-wall, to protect its base from the scour occasioned by the 
returning wave, is also termed an apron. 

An apron in carpentry is the horizontal piece of timber which takes the carriage-piece, or rough 
string, of a staircase ; and also the ends of the joists which form the haif -space or landings. It 
should be firmly wedged at both ends into the wall. 

In plumbers' work, the apron is the lead sheeting or flashing dressed on to the slates fn front 
of dormer-windows or skylights. 
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APBONLINING. Fb , Gmtre-^frave ; Gbb , Binnenvorttwen ; Ital., Fascia ; Span., TfXtvesera 
para aoitener ha targueroa de uAa eacaiera. 

Apron-4iningf as this term implies, is a lining placed outside the apron. It is applied by the 
joiner to the piece of wrought boarding which covers the rough apron-piece of the staircase. 

APRON'FIEOE. Fb., Contre^rave, 
Geb., Binnenvorateven, 

See Apron, in Bu\lding, 

A. P. Fb., Niveau (PAmaterdam ; Gbb., 
Amaterdammer P^el. 

The letters A. P. are the initial letters 
of two Dutch words, Amsterdamsch Peil, 
meaning Amsterdam Level, and indicate 
tJ^e Datum Line, or mean level, from which 
all surveys aro made in Holland, Belgium, 
and in the Northern parts of Germany. 

The A. P. is an imaginary plane, drawn through the average high* 
water mark of the North and Zuiderzeen Seas on the Dutch coasts, and 
derives its name from the circumstance of its having been adopted at 
Amsterdam from the year 1670. 

It was carefully revised during the present century, under the direction 
of the Dutch Government i and in consequence of this caroful revision, is 
the most accurately fixed sea-level. 

Figs. 228, 229. show the marks which are placed in various parts 
of HoUand, to inoioate the height above or below A. P. See Datum 
Link. 

AQUEDUCT. Y^Aqueduo, Geb., Waaaerltitung ; ItAL., Acquedotto; 
Span., Acuedudo, 

A conductor, conduit, or artificial channel for conveying water, is termed 
an aqueduct. 

7%tf Aqueduct of ihe Loch Katrine Watenoorka. — ^The description of this 
aqueduct is taken from a p^per by James M. Gide, published m the ' Pro- 
ceedings of the Institution of Mechanical Engineers, 1864.' The length of 
this aqueduct is about 94 miles. The built and tunnelled part of the aque- 
duct is 22 miles long, and 8 ft. high by 8 ft. broad ; sections of it aro shown in 
Fies. 280, 231, 232. It has an inclmation of 1 in 6336, as shown in longi- 
tudinal section. Fig. 233, and is capable of passing fifty million cubic gallons a-day. The valleys 
of Duchray, Endrick, and Blane, e / A, Fig. 233, which are oroamd by the line of aqueduct, and 
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prevent a uniform inclination being obtained throughout, make up an aggregate length of 3} miles, 
and aro passed by cast-iron siphon-pipes 48 inches in ^luneter, with a mean fall of 1 in 1000 
between their extremities. These pipes deliver about twenty million gallons a-day, and provision 
was made for laying two additional lines of pipes, at bridges and other places where masonry was 
required, in order to increase the supply of water to the city when necessary. The first work upon 
the line of aqueduct, upon leaving Loch Katrine, is a tunnel through the ridge which separates the 



333. 




Ai^*t^'^-^^ 



Reference, — a. River Clvde. h, Glasgow, e, Mugdock Reiervoir and 
Stnining-well. d, Mngdock TanneL e, Blane Valley. /, Endrick 
Valley. ^, Dnimmore Tannel. h, Duchray Valley, i, Loch Katrine 
TunneL k, Loch Katrine. 

▼alley of Loch Katrine fipom that of Loch Ard. The length of the tunnel is upwards of 1 * 25 mile, 
and is at a depth of more than 500 feet below the top of the hill. Twelve shafts were sunk on the 
line of tunnel, to facilitate the work, five of them being about 450 feet deep. The rock passed through 
by this tunnel, and by the greater part of the first ten miles of the aqueduct, which is principally 
a series of tunnels, Is mica slate, of the hordest description. Along the margin of Loch Chon, the 
work, at some of the faces, did not progress more than three lineal yards in a month, although it was 

1 



cfUTted on ni/^ht and day. The mbor rariDcs in the first ten mUesof the nqnedaot are orouod b; 

squednct-bridgea of iron. BeaideB a number of smallfic ones, there are five eitooeivo Bqui>du(«t- 
brid;^ of tbU kind, one of which, neat Uuli^arton, U shown in Figa. 231, 235, 236. It coneuU of a 



wrought-iron tube I, 8 ft. broad, and G 5 ft. high inside, extending over the greater part of the 
mvincs, supported at inlervBls of 50 ft. b; atone piere : and a rai.it-irnu trough, J, abo S ft. broad, 
and G'5 ft. high, supported on a dry Btone-rubble omhankmeul at either ond of the nrougbt- 
iron tube I, extending over the remaining port of the vnlleys, where the ground is not 
much depressed. The ooltoni ejid sides of the wrought-iron tube I are j in. thick, and the top 
■fy in, thick, the whole heiog strengthened by angle and T iron. The plates of the cast-iioa trough 
are f in. thick, the dimensions of the lorgetit iieing i S ft, by 4 ft, ; and the; ore oonneoted and 
strengthened by flanges, with rust-jointa. The level of the tube I is about 3 ft, lower than that of 
the cast-iron trough J J at each end, so as to ensure the tube being always oompletely filled with 
water, in order that the top of the tube mavbe kept at the same tempeialure as the sides, and that 
the tube may not be laohed by the strain which would arise from the top plates beoomiag heated by 
the flun, if the water were not in contact with them. That the tube may be emptied at any time, for 





eninting or other parpoaes, a diachnrgc~nilTo, E, Figs. 236, 238, ia provided at one end of the tube, 
y which the water can be run off into the valley beneath. The junction between the wrought- 
iron tube and the caat-iion trough ia shown m Figs. 238, 239, and in detail in Figs. 240, 241, It 
is made by bolting the ca«t.iion tiongh to a ca«t-iron bed-plate, L, Figs. 237, 23S, and to upright 




csst-iron standanls, H H, Figs. 239. 241, at each side. The wrought-iron tube r^ta npoo a bolster 
of ynlcaniwd india-rubber, placed in a groove in the bed-plate L, and projecting sufficiently above 
tliH surface of the phile to allow for the requisite compreBsion on the india-rubber for making a 
wnter-ticht joint by the weiglit of the lube hearing on it, without allowing the tube to come down 
to a hearing: upon the bed-plate Ii itaelf. A aimilar india-rubber bolster is carried up each side of 
the tube, and compressed a^inst it by oak wedges, the botater and wedges being contained in a 
noMB in the upright standards M M, as shown in Figa. 230, 241. Thi« ortungcnient leavoa the 



WTonght-Iroii tube fiee loaonliMtand expand longitnduulljniider change of ternpen)ture,ivillu)Qt 
riak of leakage. The hesda of all the rircts are countemmk for a short ilistaoce on cnoh slila of 
the bearing parts of the tube. The india-rubber bohitGis ore, both at the bottom aud aiili?B of the 
tube. 2 in. in diameter. The; are in separate piecee; tlie bolster niidcr the bottom extendlDg 
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from the wodgo-boi M on one aide, to the back of the wedge-boi on the opposite aide. The joints 
of the boUters at the bottom comen are made bv batting the bottom ends of the Tcrtical botattn 
uponthetopof thctranavene bottom bolster, the bottom euds of the Terlicel boletcn being aliglitly 
rounded ont to fit the curvature of the bottota bolster. The side wedges are driven down tight on 




the ends of the bottom bolster. There are three oak wedges in each wedge-box, H, Fig. 241, with 
an oak feather, or toufpio, let in to break the joints between tbe wedges, and to guide the centre 
wedge while being driven down. A flat strip of india-rubber, I, is placed between llie back of tbe 
' X and the outermoat wedge. The wedges wen carefully fitted before the feathcr-gniovps 




s. aal were put in with thick wet paint in the Joints: the centre wedfce was then drivm 
ilowD to tighten up the india-rubber bolster agaituit (ho liifo of tbe lube, and tbe spaces on either Hide 
of the wedgea in tbe standards M were flUud with oakum and wbito-leod. The above construction 
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of the iron aqnoduct-bridgea wm the most iipplic*hle in tho first portinn of the nquodnct, u 
no good building-atone oould be obtained williin reasonable distance, and the roadj were badly 
Buited for the carriage of materials. From thn elevontb mile to the rcserroir at Mugdock, how- 
iTGi, good build ing-Blone was abundant, and all the aquoduct -bridges in that district are thiirefora 
of skiiie. Ono of these is shown in Fig. 242, in elevation, and longitudinal section in plan. Fig. 213; 
•ud Pigg. 244, 245, ehow tranaverse wctionB of the same. There are, in all, tweuty-Sve important 





Iron andelone bridges, some of them of comidorable magnitode; and abont eighty distinct tunnels, 
Tsrying in loogtb from 1} mile donnwards, and fonaing; a total tength of thirteen miles. Where the 
aqurduet vaa formed in open outtjnji, the ground was filled ia bnd the surface restored, as shown 
in Fig. 232. At Iha cast-iroo trougbe of the iron Hqucduct-bridges. and at the other bridges, the 
waterway is covered with piBnking, as shown in the sections of the Blairgar aqued not- bridge, Figs. 
S44. 245, to prevent snow from choking the aqueduct. Oioovee to receive stopplauks are cut 
in Uie masonry of the aqueduct at intervals, and meet of the bridges are provided with overflow 
and discharge sluices. The latter are aimilar in construction to the outlet sluices of the locks, but 
ofamalleidimenBious. The three valleys of the Duchrny, Endrick, and Blane, which are of great 
width and dqith, the seoond being more than tliree miles wide, are paoed by means of the 4S-in. 
cast-iron siphnn-pipes, carried down one side of the valley to tlia bottom, and up the opposite side. 
These ]npea have Uie ordinary spigot and socket joints; ■ section of which is shown in Fig. 246, the 
joint lidni made with lead, N, and yam, O. Borne depressions on the line of these siphon-jilpcB 
are cnwaea by flanged pipes, supported upon stone piers, IS ft apart, as shown in Fig. 247, the joint 
being made by a nng of vulcanized india-nifabeT, P, as shown 1 1 section Fig 248. In the Endrick 
valley, two pnblio roads, and the Forth and Clyde Railway, are crossed by these flanged pipes; aid 
to support the pipes over these greater spans, cast-iron macbets are pnt in, Bbultina; on the stone 
piers which are thickened to receive thenu The pipcfl are further strengthened at &eae places liy 
projecting webs cast on them, as shown by the enlarged transverie section of the pipe, Fi^. 237. It 
was foand that the expansion and contraction of theM long lengths of flange-jointed pipes nnder 
chsngea of tempenture injorioosly afiect<.-d the socket and spigot lead joints at each end; and to 
obviate this, a felt etivering, ibout ) in. thick, was laid on all round the pipes, and protected from 
the weather by a tarpatilln cover, laced tightly over the whole. This has the effect of almost 
entirely obviating the iuaoDvenienee thst arose from the eipaniion and contmction. 

The service reservoir of Mugdock, Fig. 233, has a water-sur&ce of 60 acres, and Is SO feet 
deep, the top water-level being S12 feet above the level of the sea. It contains 548,000,000 gallons 
when full, equal to a supply for twenty-nine days at the present rate of consumption : and thus 
admits of repuis being made upon the line of aqnedoct without interrtipting the supply to the 
city. The reservoir is entirely artiflcial, being formed by two earthen embankments, 400 yards and 
240 yards long respectively. The water is first received from the aqueduct into a basin at the 
upper end of the reservoir, from which it flows over four cast-iron gange-plates, 10 feet long each, 
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the aqueduct thereby rampnted, and the quantity of wnter pssaing ever; day into Glugow is thna 
known. From the upper pool the water pafisea into the main reservoir over similar oaAt-inn gauge- 
plates. The vater is drawn from the reservoir by pipes laid in a tunnel cut through the lock in 
tho solid, at the end of the main embankment, no pipes being laid throae;!! the embankmenta 
themaelves. At the end of tho tunnel next the reservoir there is a stand-pipe with valves at 
different heights, which admit of water beins dravm off at varioua levels. Tho water passes down 
the atand-pipe and along a 48-inch pipe in the tunnel for a distance of about 50 yards to a circolar 
utiaining-well cut in the rook. Water can also be dlswn direct from tho aqueduct or from the 
upper compartment of tho reservoir into tbo pipes leading to the city, without paaaing through 
the reservoir, by meaos of a line of 4S-inch pipes laid through the bottom of the reservoir from the 
Dinnd-pipo bock to the upper end of the reservoir where the aqueduct enters. 




The Btraintng-well is shown in vertical section in Figs. 249, 251 ; and Fig. 250 U a sectional 
plan. Tlie well is 40 feet diameter and 63 feet deep, cut out of the solid lock. Within the 
Blraining-well, and farming an inner chamber of octagonal shape, 25 feet diameter, a series of 
oak fiunes Q Q, Fig. 249, is placed, covered with copper-wire cloth of 40 meshes to the inch ; 
tlieae are held in the light cast-iron pillars R, which have grooves cast in them to KCeive 
tlie frames. These wire-cloth strainera occupy only the lower part of the well, the apaee above 
being filled in with wood planking 6 8, up to the top water-level ot <he reservoir. The water 
passes from the outside through the wire-clolh strainera into the inner ohambei, and is taken off 
theocc to the city by two lines of cast-iron pipes 42 inches diameter, as shown by the arrow*. 
The wnlci undergoes no filtration, but in passing through these copper-wire strainers, any straWB, 
or other floating matters, are st'jmraled fmni it. 

The pipes in the bottoju of tho straining-well are provided with jauctioiu aod stop-valve*, a* 

seen in the plan. Fig. 250, »- - ' ■■■'■'-- ._■..-_. i .!-__..« — ,i. :. 

while tho Ht~"' »-^-- 



» admit of the snpply being drawn direct from the reservoir, 
ad : which latter i* doiie by emptying tlie welt, and thiowiDg a 
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JetofTaternpoD the Etniners from the inside oatworda, by a Iwther hose with the heAdptMmra of 
the reservoir, the foul water being cturied off by a tunnel tbroach the rock. The Enttnea Q Q 
carrying the atrainera cao also be raised to the top of the veil aad token out for repaira, by being 
dnna up through the fmovea in tbe cast-iron piliara R, in which thej &re fitted. The top of lli« 
etrainm^-well la roofed in and partly oovered with glasa, as a protection to the working gearing 
of tho atop-TBlrea. These valves are each divided into two halves, affording together a waterway 
of tbe full diameter of the 42-iiich pipes. Each half of the valve is opened and ahut by an iron 
rod, pasaing up through a cast-iron pipe, and terminating at a oaDvenient height above the water- 
level in a long brass nut. into which worka a stationary iron screw, turned by a crank and bevel- 
wheels. The two lines of 42-inch pipes laid in the tunnel, leading off from the gtiaining-well, will 
deliver the whole 50,000,000 gallons a-day ; but on emerging from the tunnel, which is 440 yaida 
long, they are diminiahed to 36 inches diameter, and provision is mside for additional pipw being 
laid when required. At the point where the pipes are reduced to 36 inches diameter, a self-acting 
tbinttle-valve ia fixed on each line of pipes, the object of which is to shut off the water coming 
ftom the reservoir in the event of one of the pipes bursting, or any other accident occiirring wlietebj 
the velocity of tile water in the pipe is Increased beyond that to which the valves Bxe adjuated. 

At int^ala along tbe line of tbe mains to Olaagov and at eererat points in the city, atop-valvet 
are filed in tbe large pipes, one of which,fora36-in.pEpe,ia shown in Figs. 252, 253, 254. Toadmit 
of these valves being easily closed or opened, tbe slide is divided into two compartments, T and U, 
one being coDsideisfaly smaller than the other. The amaller slide, T, ia the first opened, and the 
passage of the water through this opening so much reduced the pressure upon the larger slide U, 
that it can be opened with ease ; the valve is thus eaailT worked by one man. To economize space, 
which ia an object where large valves have to be placed in public streets, the total eSTective area of 
the valve has been reduced, in tbe case of these 3G-inch valves, from T sq, ft., the area of the pipe, to 
41 aq. ft. ; the amaller slide, T, having an area of 1 eq. ft,, and the larger, U, an area of 3} aq. ft. 
To pass this contraction with the velocity that tbe water in the pipes will have when the diacharge 
ia greatest, the loss of bead will be from 4 to 6 inches ; bnt this loas la more tlian oompensated for 
by the eoonomv of the valve and the reduction in the dimemiiona of all the parta. 

The Washington aqueduct, constructed for the purpose of supplying to Georgetown and 
Washington, U.S., water from the river Potomac, at s point eleven miles above the last-mentioned 
oitj, consists for the greater part of its length Of a masonry conduit, 8 feet in internal diameter. 
The fall of tliia conduit avenges 9 in, per mile, its length being 11^ miles. The total length 
of the aqueduct is IGJ miles, and it ia capable of supplying to tbe town ntertmr 100,000,000 
gallons a^j. In carrying out this work, all unnecessary eipendltnre has been avoided by 
oonstracting its parts in as simple a manner as possible : thus the varions water-gates and 
pipe-vaults have, in most cases, been arranged within the masonry embankments ; and thus, 
whilst most of the fittings are out of the teach of frost, much of the expense, which would have 
been iucnrred by the erection of gate-houses, and so on, above ground, has been saved. The 
•qneduct-biidge over Cabin John Creek, on the line of the oonduit, from the source of supply 
to the receiving reservoir, ia shown in Figs. 255, 25G, 257. It is a stone-arched bridge, its 
dear span is 220 f\. The arch ia an airi of a circle of 134-2852 R. radius, and its rise ia 
07-2624 ft. Fig. 255 is a side elevation; Fig. 256, longitudinal section; Fig. 2S7, sectional 
plan ; Fig. 258, transverse section through the east«ni abMnenl, taken through the springing of 
the Eiroh ; and Fig. 259, a trans- 
fcrse section through the crown of 
the arch. The radius of the extnutoi 
ia 143-2695 ft., the depth of the 
eoiMMiri being 6 fl. 2 in. at the 
•pringinga, and 4 ft. 2 in. at the 
crown. Outside the voussoirs is 
another aeriea of arched stones 
which make np the total thickness 
of arch at the springinga to 20 ft 
ibis thickneaa diminishing towards 
Ihecrown. The width of the bnlge 
on the face of tbe arch is 20 ft 4 in 
The abutments are formed by the 
solid rock on each side of tbe creek 

the face of this rock being atepped down, aa shown in Fig 256 and the 
steps filled in wiUi concrete, on which the footings of the arch bed The 
channel thnugh which the water is conveyed consists of a conduit of 
oiroular aectioii, 9 ft. diameter inside and 9 in. thick, this conduit being 
imbedded in tbe masonry of the bridge. The haunches and abutments of 
the bridge are tightened by relieving archei, of which there are five on the 
western and four on the eastern side, extending through half tbe thickness of the bridge. Ths 
centering on which the arch was constructed was supported upon temporary piera, formed in 
(he bed of the creek, as shown in Fig. 258 ; the vertical timbers braring upon tbese piers, and th« 
bracing connectbg them, carrying a aeries of struts radiating to the lines of timbers beneath the 
lagging-boards. The key-stone was inserted in mid-winter, and the centre was not struck until 
some ten or twelve niontba later. The rise of temperature lifted at times tbe arch of the 
centering; but when the letter waa removed, careful observations were made without any 
settlement being noticed. 

Wirks and Reportt <m .^gMstfucd:— Tower's (F. B.) 'Croton Aqueduct,' royal 4to, New York, 
1843. Ponteiiaj(T.J, 'Construction das Viadocs, Fonts, 4c., 2 vols. 8vo, and 'Atlas,' in 410, 1852. 
Cautley (Sir P, T.X ' Report on the Oangea Canal Works,' 2 vol*. 8vo, 1 vol. 4to, and Plates m 
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folio, 1860. Beaker, 'Dcr Wuserbaa in Beinem gBnien Umf&nge,' ISGl. BEiot (_T.), 'Otilde 
pratique da Coadnctenr dea Fonts,' jrc, 2 vols., 12iiui, Parii, 1662. Eageo, 'Handbncb der 
WRUtcrbau Kunst,' 1S63. 'On the Loch Katrine Waterworks,' br JaB. M. Gale: Proceedings 
Iiut. M, &., IHM. MoncrieircC. C. Soott), 'Irrigation in Sonthem Europe.' Sio. 1868. 

See also : — Belidor, * Architect ore UTdntuliqne.' Delaigtre, 'Encfclop^ee de Ilng^ienr. 
Minerd, ' Conrs de Constroction,' ' Lifa of Telfortt,' 4to and fol. Sganrin, ' Ckmra de Colutraction.' 

ARCH. Fa, Arclie, cintrt ; Qmi„ Bojen, GevClbe ; Ital., Arm ; BpAif, Arco. 

An arvK ia a form of atructure in which the verticnl forcea due to the weight of the materials of 
which It ia composed are treUBmitteil to the HUppoita or ofrndnenb in a polygonal line, osuallj 
termed the " curve of equilibiium," from the fact that it beoomea a ciure nhen the aroh-stonea are 
infinitely nnmeroufl. 

Arches are named from the carve or outline of the nndet-sntfaee presented bv a aectioii taken 
at right angles to the axis. TIiuh. an arch whneo outline ia a Hemicircle is called a " seinicircular 
arch," and one farmed to an elliptical onrve is called an " elliptical woh." Figs. Z60 to 278 iliow 
the foRns of anhed osnall; constructed. 
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straight Arch. Cambenil Ard). 

Where two acobea fntcneot, Ihej are called " groined aiches." 




Fluing Arch 



rg% 



Skew Airh. 



Where the opening at one end is le«s than at the other, as in Fig. 269, the aich is called a 
" fluing arcli " 

The trtma " gauged " and " axed " ore applied to brick arche« when the bricks are ganged or 
axed to shape. 

Where the aiie of an uoh is oblique to the face, it is called a " skew arch." 





TniDDitr Arch. 
Archra are also named Atini the n 



inTcrltd Anh. 

« applied, aa " trimmer aieh," Usoallr 
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ARCH. 



** Relieving aroh,** when placed over a lintel or breasummer to relieve it of the weight of the 
wall above, 1%. 272. 

** Inverted arch,** when placed under an opening or space to distribute the preasnre of the walls 
over a more extended area, Fig. 273. 

The parts of an arch are named as follows : — 



^^S^»*, "*• 




^Aluthtent 



--• Spritiyintf-.J 



Ptetr 



276. 




Extra>fos, — The outer surfiioe or buck. 

Intrados, — ^The inner surtace or ** totiit." 

Crown. — The upper part between the extrados and intradoe. 

ffaunohe$, — The flanks or sides between the Bpringing and a-own. 

Vouaaoirs. — ^The stones or blocks, a a, Fig. 274, of which the arch is formed. 

Keystone, — ^The highest or middle voussoir m the crown, as 6, Fig. 274. 

Sommenng Ltnee, — The nuiiatmg lines corresponding to the direction of the bed-joints of the 
vouasoirs. 

Springing, — The level or point of the intrados at which the arch 
joins the piers. 

Spandril, — The part between two arches springing from the same 
pier, or between the back ot an arch and a perpen- 
dicular line erected from the puiat where the extrados 
commences at the springing. 

Span. — The width between the piers at the springing hue. 

Bise. — ^The vertical distance between the crown and springing. 

Skewback. — ^The part of the pier on which a s^mental ai*ch i^ests, or 
from which it springs, as a, in Fig. 275; the lower 
bed being horizontal, to correspond with the joints of the pier, and the upper bed 
inclined towaitb the centre of the arch to oon^espond with that of the vouasoirs. 

An arch derives its ^strength from the fact that, if the ends are prevented from spreading, its 
curve cannot be shortened except by the crushing of the materials. Hence it is obvious that there 
are two conditions at least which are essential to the stability of an arch — immobility of the sup- 
ports, and sufficient strength in the materials to resist crushing. Another condition of equal 
importance is, that the arch should have sufficient thickness to contain its curve of equilibrium — 
when all these conditions are fulfilled, the aich is said to be stable. 

No writer has propounded a theory by which the proper tiiickness of an arch at the crown can 
be obtained so as to be of any use in practice. The question involves the depth required for 
equilibrium, as well as to resist crushing. Engli^ engineers, for the most part, adopt an empirical 
formula, due to J. T. Hurst, 'BuildiDg News,' Feb. 27, 1857, and given in BanJdlie's work on 
* Civil Ehigineering,' but in a slightly modified form. 

If D = the depth or thickness of the arch at the crown, B = the radius of curvature, and G = 
a constant depending on the nature of the material, we have 

D = C VB. 

For Block-stone G = 0' 

Brickwork in mortar „ = 






» 



BubbleHstone in mortar ,, = 



It 



3. 
4. 
45. 



Where the brick or rubble work is built with Portland cement, a lower value of C may be 
taken, but to what extent there are no experiments at present to show. 

For elliptical or other arches, with a varying curvature, B may be taken to represent the radius 
at the crown. 

— 8 
In a straight arch, D should equal G Vs + fb) ^ being the span of the arch. 

According to theory, having obtained the rmnimum thickness D at the crown for an arch in 
equilibrium, the thickness at any other point, to prevent the arch from blowing up at that point, 

DV 

owing to the thrust, will equal —3- 1 Y and v being the rise of the arch at the crown, and at the 

point for which the thickness is required, respectively. 

The force of an arch tending to spread, or to thrust out its abutments, is usually resolved, at 
the springing, into a horizonted direction, termed the '* horizontal thrust,** and is equal to that 
at the crown when the arch is in equilibrium. 

Various theories have been advanced with the view of determining the value of this force, but 
most of them are useless to the engineer, from the difficulty involved in their application to pxactioe 
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— some fail fivm tbe inoonectnen of the d&te on whioh tliejr are founded, and others be«&iiMi 
tliej apply only to a special fonn of Btnictore uutead of being adapted to the fonn roqnijed in 

Wlien the thicknem and loading of an aroh hove been properly dotennined, the boritonta] 
thiiut can generally be found with Bufflcient aoouraoy by assnuiing that the tendency of the arch 
ia to separate at the crown and springing, whence 



V = rise of the arch, 
W = weiglit of half-arch, 
F — the horizontal throst in 

then 



P = - 




Aa the centre of gntvity ia tedioos to find, particuUrly in an arch extiadossed to 
lino, the following method will somatimea be found convenient. Divide the half-atch 
equal ^rta, and call their respective weights, W,, W,, W„ and W,, 
OS in Fig. 27S. Conceive the centre of gravity of each point to be j...,.ji«... 

in a line drawn vertically through the middle, then the moment of 
each part tending to overset the pier will be the weight of the part 
multiplied by tlie horizontal distance of its centre line bom the 
■pringing ; and if we lake the width of each of the parts = 2 a, 
and the rise of tbe arch added to half its depth at the crown = r, 
the horizontal thmst will be nearly 

Wia + W,3a + W.Sn + W.7a 

TheafruCnvnf, Fig. 277, ii the part whJehsapportB and takes the thmat of anarch. It ia subject 
tothreeoonditiona:— 1st. It should austain the weight of the arch without omdiiug. 2ud. Tbere 
mnat be sufficient adbetion l>etween the eoureea of masonry to reaisf 
the tendency to slide. 3id. It should be nf sufficient thickness tt 
reeiet tbe tbiiiBt of the arch without overturning. 

The use of granite, the huder limeetones, or sandstones, fulfils 
the first oondition in most cases. The second may be attained by the 
use of dowels, or a good hard-setting cement. When dowels are 
used, they are usually of copper, iron, or aUt& from 1 to 2 [ncbes 
square, and from 4 to 6 inchea long. To folfil the last condition we 
must resort to calculation as follows : — 
Let H ^ height of abutment, 

T = thickness of ditto, 

P = horizontal throat of balf-aroh, 

W = weight of ditto, 

C = weight of a cnbio foot of the areh and abutneni 




o rsaiat the throat of tbe uch, on the 



This formnla giTe« the nett thioknees of abutment to rsaiat the throat o 
Buppoeition tliat the weight of tbe balf-aroh Vf acts on the inner edge of the abutment, instead of 
through the centre of gravity. In practice safety is attained by adding counterforts or wingwall* 
in addition to the thiokuess attained by the formula. - 

See Bbumk, CoNffTBUonoii, Dokx, &o. 

WorAt o» JrcAsi ;— Atwood (Q.), ' Dissertation on the Construction and Properties of Arches,' 
2 Parts, Ito, 1801-1804. Oanthey (E. H.), ' Traile de la" Construotiou des Fonts,' a voU., 4to, 
Paris, 180a-1816. Ware (8.), 'Tracts on Vaults and Bridges,' royal 8vo, 1822. Qwilfa (J.) 
'Treatise on the Equilibrium of Arches," 8vo, 1839. Soheffler, 'Theorie der Gewolbe nnd 
Futtemzauem,' 1857. Woodbory's (Capt. D. P.) 'Treatise on the various Elements of 8 



eqnilibrato degli archi in mnrsto,' 4lo, Torino, 1659. Breymann, ' Bau Constmctious,' Lehve, 
vol. i., I860. Bland (W.), 'On the Principles of Construction in Arobes, Fien, Buttresses,' Ac, 
12mo, 1862. 

See also : — Bandelet, ' L'Art de Batii.' Sganztn, ' Conn de Oonstmction.' Bobiaon's ' Ueoha- 
nical Philoaophy.' Ejom and Hoaking, ' Theory, Frtustioe, and Architectnre of Bridges.' 

ABCumEDiAN SoREW, for raitinfl ttiater. 

AECHDHEDIAN SCREW. Fb., Vii ^An/mniOe ; GiiL, ArcAimiiKlu Schraube ; Itai-, ViU 
d'AnhimeJe i Bpajj., Tomillo dt Arquioiedti. 

If, upon the surface of a cylinder, a Mix ot aeversJ apirala be traoed, co that in a groove cut 
according to this carve ok set small plates, all of the same height, and joiiiing well upon eaob 
other, the combination will present, as It were, tbe thread of a screw, perpendicular to the surface . 
of the cylinder, end of uniform thickness. A screw so formed, covered with a cylindrical envelope 
of staves, will constitute an Archimedian tcrfto, for raising water. Its envelope with the barrel, the 
plates forming the thread of the screw, will be the steps, and the solid cylinder the hue/, or core; 
the apace comprised between the nevxl, tbe barrel, and the thread, wQ] form a /lelkoidal canal. In 
the common screws, three equidistant blocks, or threads, are plaoed upon the same neitti, and oc»l- 
sequently three caimls. The diameter of the screw, which is the interior diameter of the bairel, 
varies from 1 ft. to 2 ft. : that of the nmtel is a third of it . and the length of the aorew is bom 
twelve to eighteen timeitbo diameter, as the strength may require. The angle made by the helix 




124 AfiOHIMEDIAN SCREW 

with the axis, or rather with a right line traced upon the newel, and consequently parallel to the 
axis, has undergone great variations. The Romans made it but 45° ; at Toulouse, from plans 
btained from Holland, it is made about 54° ; constructors at Paris genially make this angle 60° : 
and Eytelwein, in a small screw, carefully made, went as high as 7§°. At the upper extremity of 
the axis there is a crank, and at the lower is a pivot, which is received in a socket, embedded in 
one of the small sides of the frame of the machine. If we place an Archimedian screw thus con- 
structed in a body of water, giving it an inclination less than that of the helix upon the axis, which 
is usually from 30° to 45°, and impress upon it a motion of rotation, in an opposite direction to that 
of the helices, the inferior orifice of the canals passing in the water will draw up a certain quantity, 
which will rise from spiral to spiral, and will issue at the upper orifice. The screw is particularly' 
adapted to the draining of water from places where we wisn to lay, unobstructed by water, the 
foundations of any hydraulic structure, Biich as the pier of a bridge, or a lock. 

Its simplicity, the small space it occupies, the facility of transporting and setting it up, as well 
as that of setting up many at the same place, causes 4t9 use to be very general in such orainings, 
and give it a preference even over other machines which have advantages in other respects. 

Fbr greater simplicity, let us take a screw. Fig. 278, formed by a tube, bent and wound round a 
cylinder. We first place it horizontally ; if, through the orifice at the base, we introduco a bullet, 
in rolling, as upon an inclined plane, it will advance 
towards the other extremity of the tube, and it will 
stop upon the lowest point of the first spiral. By 
turning the machine, the point on which it rests will 
be raised ; it will leave it, and, as if descending, it 
will pass to the following point, and in succession to 
the others, remaining always at the same level, but 
advancing towards the outlet of the tube, which it 
will finally attain, and pass through it. Now, incline 
the machine a little, and again mtroduoe the bullet 
through the loyrer end; it will still settle itself upon 
the lowest point of the first spiral, when it will be 
raised by means of the motion of rotation, and will 
pass upon the following one, which will also be raised, 
but in a less quantity. In this manner, by a movement 
at once progressive and ascensional, it will gain the 
upper outlet : it will have risen by descending, the plane on which it rested rising more^'than itself. 
If the inclination of the screw had been such that the helix should present no point lower than 
that upon which the bullet is first placed, it would have continued to remain there. Finally, if 
the inclination had been still inor^ised, the bullet could not have entered it : and if it had been 
introduced through the upper orifice of the tube, it would have desoended in following all the 
windings, and have issued tnrough the lower orifice. 

What we have said of the bullet applies equally to the water which enters through the base 
into the spiral tube. It will flow to the lowest point of the spiral ; it will then rise on both sides, 
in the two branches, to the level of the most elevated point of the branch of entry. The arc of the 
spiral, containing all the water it can then admit, is the hydrophone arc of the screw. If, after the 
first spiral is filled, we make a revolution of the machine, the water it contains will advance, like 
the bullet, with a double motion, progressive and ascensional, and it will be found in the hydro- 
phone arc of the second spiral ; it will be replaced in the first by a new and equal quantity of 
water. In the following revolutions, these two bodies of water, as well as those which follow after 
them, will ascend from spiral to spiral, even to the orifice of exit. Thus, at each revolution, the 
screw will evidently discharge a quantity of water equal to that contained by the hydrophoric arc. 

But for this purpose, the base of the screw should be plunged in the well a certain quantity. 

It should be at least so much submerged that the mouth of the heliooidal tube, arter having 
traversed in its rotation the water of the well, on its arrival at the surface, shall be found at the 
summit of the hydrophoric arc of the first spiral ; then this arc will be entirely filled ; and it is 
evident that it could not be so if the level of the reservoir was below this point, whose position 
we shall soon determine. When the month, in pursuing its rotation, shall have passed this level, 
the atmospheric air will enter in the tube, will take the place vacated by the water, and at the end 
of the first revolution it will fill the upper part of the first spiral, that which is above the hydro- 
phoric arc. It will be the same with the following spir^ ; the water and the air will be then 
disposed as indicated by the figure ; each of the columns of the former fluid will be entirely sup- 
ported bv its spiral ; it will not exert any pressure upon the inferior columns, and throughout the 
air will have tne same density as that of tne atmosphere. 

It will not be BO if the level of the well should be rGused above the summit of the hydrophoric 
arc, even though the orifice of the tube may be found, in some portion of its revolution, outside the 
water. The air, it is true, will be introduced among the epinds, but the water will occupy more 
than the hydrophoric arc ; it will rise, in the ascending branch, above the summit of this arc, that 
is to say, above the summit of the descending branch ; it will bear upon the inferior column with 
all this excess, and will compress tiie air comprised between that and itself. Often this air, striving 
to regain its density, traverses the column wnich is above it. On the other hand, and by reason of 
the movements which take place, and of the irregularity with which the water and the air are reci- 
procally disposed, the last of tibese fluids may be found rarefied in certain parts ; and we may see the 
atmospheric air introducing itself in the tube, passing briddy through the water of some spirals, and 
going to establish the equilibrium ; these shocks and irregular movements diminish considerably 
the product of the machine. 

Finally, when the base is plunged entirely in the well, the air cannot enter the screw ; nothing 
but water can enter there. If the velocity of rotation be very great, the centrifugal force resulting 
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from it nuiy raise this water, and cause it to be discharged through the upper outlet (see Tubbine). 
But with a less velocity, the water will only reach a certain height in the tube ; forming a con- 
tinuous whole, it will press, with all the weight due to its vertical height, upon the orifice of entry, 
and will thus counteract the centrifugal force. In great machines, the air which is already in the 
holicoidal ducts, and that which arrives there tlirough the upper opening, also produce irregularity 
in the motions, and the diminution of the product already alluded to. When, however, the canals 
are very large, and the machine is properly disposed and inclined, the exterior air arriving^ without 
commotion in all the spirals, these inconveniences no longer occur, and we obtoin nearly the usual 
product. 

Eytelwein, who made a particular study of the movements of water in different kinds of 
screws, published a series of experiments which show the bad effect of a too great or too little 
submersion of the base in the water to be drained ; at least, for screws with 
small ducts. We give here some of the results obtained. He was provided 
with a model of a screw made with great care; it was 0*512 ft. in diameter 
and 3*608 ft. long: it had two heliooidal ducts, intersecting the axis at an 
angle of 7SP 21'', and having, in the direction of the radius, a height of * 138 ft. 
This screw was placed in a reservoir, in an angle of 50° to the horizon ; and 
when it yielded the greatest product, the level was 0*042 ft. above the centre 
of the base. In the flrist column of the annexed Table, the height of the water 
above or below the centre of the base is indicated; and in the second, the 
volume of water raised at each revolution. 

Though the Archimedian screw is simple in its character, still there is no 
theory to be found for the machine as it is now used. The essays of some 
learned mathematicians are far from enabling us to determine its effects 
exactly. That which Bernoulli and most authors have given, applies only to 
the case, now out of use, of a tube, with a very small diameter, rolled spirally 
round a cylinder. We make an elementary exposition of the principal features 
of it, both to guide our first impressions upon this subject, ana to avoid leaving a gap in this work. 

Let A M G N D, Fig. 279, be a vertical projection of the axis of the helicoidal tube, wound round 
the cylinder ABED, and the circle anbma a projection of the base of the cylinder, upon a plane 
perpendicular to its axis. Through the point F of 

the are A M M draw the tangent G H ; it will ^^'• 

make with the edge O I an angle I F H, which we 
designate by a ; and through the extremity B of 
AB draw the horizontal BK. the angle EBK, or 
6, will measure the inclination of the screw. 

Let us determine the length of the hydrophorio 
aroMCN. 

And flxvt, the height L P of any point L of the 
helix, above the horizontal plane BK. Project 
L at /upon the circumference of the circle of the 
base, and draw the horizontal /r, we shall have 
LP = Lr + rP. For greater simplicity make 
the radius oa = 1 ; designate by a the length of the 
an) A / ( = a / ) ; the angle which the helix makes 
at A with the plane of the base, being the comple- 
ment of a, we shall find L r = L / sin. 6 = A / 
cot. a sin. b = a cot. a sin. 6. We shall also have 
rP = /g = /Boos. 6=«6oo6. 6 = (1 -f- cos- a) cos. 6. 
Then LP=a oot a sin. 6 + (1 +co8. a)ros. b. 

The summit or commencement of the hydrophorio aro of the spiral A C D will be at M, the 
most elevated point above B K. It corresponds consequently to the mox^imfm value of L P. Difiior- 
entiatin^ the above expression, equalling the differential to zero, we have sin. a = cot. a tang. 6 ; 
which gives the value of the aro a, or <f m, for the case of the maxtmvm. Galling m this particular 
value at the point M, we have for the height of this point above B K, m oot. a sin. 6 + (1 -f. cos. m) 
COS. 6. 

If through M we imagine a horizontal plane, the point N, where it intersects the ascending 
branch of the spiral, will be the end of the hydrophorio aro ; since the commencement and the end 
should have the same levd. Project N upon the circumference of the base ; it will fall upon the 
point n ; call n the aro 6fi ; the aro of tne circle am 6 ft,- corresponding to the arc of the helix 
A M G Nf will be T + n; and for the elevation of N above the horizontal plane passing through B, 
we shall have (r + n) oot. a sin. 6 + [1 + cos. («■ + n)] cos. 6. 

This elevation should be equal to that of M. Making the two expressions e(jual and reducing, 
we have («- + ») sin. m + oos. (t -|- n) = m sin. m + cos. m : an equation from which we may deduce 
the value of n, by means of sucoeesive substitutions. 

This value being found, we shall know the Biombn corresponding to the hydrophorio arc MCN. 
But an aro of the helix is equal to an aro of the oorrespondmg circle, increased in the ratio of the 
radius of the tables to the cosine of the angle comprised between the two arcs, that is to say, 
divided by this cosine. Here the arc of the oirole is ir - m -|- n, the angle comprised between the 

two arcs is 90° -^ a: the length of the hydrophone are will then be — - . ^ ; and, for a cylinder 

whose radius is r, r + n — m 

sin. a 
If « is the section of the helicoidal tube, the volume of water raised at each turn of the 
screw will be the above expression multiplied by ». 
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OalliDg N the number of tnras made by the screw in a given time, L its length ontside of the 
water, and observing that the height of tne elevation is L sin. b, we shall have for the value of 
the useful effect, during this time, 

sin. b 

The expression sin. m = cot. a tang. 6, obtained by differentiating, and making eaual to 
eero the general value of the elevation of any point of the first spiral, answers equally to tne case 
of maximum and minimum ; it gives the smallest as well as the greatest elevation. Moreover, the 
sin. m applies as well to the arc am' as to the arc a m, by taking 6m' = a m. Consequently, if we 
project the point m' upon the hydrophorio arc, M'. which is its proiection, will be the lowest part 
of the arc, as M is the highest point. 

The expression cot. a tang, o, representing a sine, cannot exceed 1. When it is equal to it, the 
arcs a m and a m' will become a o' ; the points M and M' will be merged in the point F ; there 
w^ill no longer be a hydrophone arc, and no more water raised. But cot. a tang 6 = 1 gives 

1 

tang. 6 = T-L — = tang, a or 6 = a ; that is to say, that when the angle of inclination shall be 

equal to the angle made by the helix with the edge of the cylinder, the discharge will cease ; it is 
necessary, then, in order that it may take place, that the first of these angles should be smaller 
than the secona, as we have already remarked. 

That of the values of 6 giving the greatest effect is impliedly embraced in the above expression 
of effect. For the same screw, moved with the same velocity, there will be no variable in this 
expression but sin. 6 (ir + n - m), and it will be necessary to determine the value of 6 which wHl 
render this quantity a maximum. 

From what was said at the commencement of this article, in order that the hydrophone arc 
should take all the water it can contain, the level of the fiuid in the well should be as Mgh as the 
point m, or as the point jd, which is on the same horizontal line ; and consequently should be raised 
above the centre of the base by the quantity op — r cos. m = r V 1 — (cot. a tang. 6) 2. For the 
vertical elevation, we shall have 

r cos. 6 V r^l[cot. a tang. 6)'. 

In what has been said, we have supposed the hydrophorio arc had time to be filled with water, 
without any mention of the velocity of the water. It has, however, a great influence upon the* 
amount of theproduct, especially wheoi the bottom of the screw is entirely 
sujbmerged. This influence is shown by the experiments of Eytelwein. 
They were made with the small screw already mentioned, with an inclina- 
tion of 50°. In the first series, the end of the screw was entirely sub- 
merged ; an unfavourable circumstance, the disadvantages of which are not 
Bufliciently appreciated by workmen. The second was made under more 
favourable circumstances, with the base submerged only a suitable quantity. 
In practice, it will suffice to establish the screw in such a manner as that 
the end of the vertical diameter of the core may project a little above the 
surface. 

Comparing the terms of the two series, when the velocity of the machine 
has been nearly the same, we see that when the inferior extremity was 
entirely submerged, the product was about one-third less. 

We pass to the effect of which great screws are capable. 

It is made known what this product would be, by giving, in the following 
Table, the results of experiments made with three pumps, of 1 ft., 1^ ft., 
and 2 ft. (French measure) in diameter, the latter limit never being exceeded. 
The length and velocity of each are given, as well as the angle of inclina- 
tion at which it stopped delivering water; an angle which, according to 
theory, is equal to that made by Qie helix with the axis. The greatest 
effect was produced at an angle of 30°; Morin has taken it for the unit, and has compared 
with it those obtained under different angles ; this comparison shows the great influence of the 
inclination. 



Number 


Water 


ofRerola* 


raised per 


tlons in 1'. 


Revolution. 




aib. ft. 


22 


0-0099 


41 


0094 


51 


0-0088 


74 


0081 


121 


0068 


56 


00113 


60 


0-0118 


73 


00121 


85 


0-0123 


98 


00123 


120 


00118 





Diameter 


« * • • -^ 


0-066 ft. 


Diameter 


• • • • ^^ 


1 -697 ft. 


Diameter 




s 2-lOft. 




Length .. 


• • • • »■— 


19-182fL 


Length . 


• • • • • WB 


37-69 ft. 


Length 


, a 


s 25-67 ft 


Angle 


Revolution In 1' . . =: 


90 


RevoInUonln 1' .. =s 


60 


Revolution in 1' . . « 


= 65° 


of 
Incllno^ 


Limit of Inclination = 


6OO 


limit of Inclination — 


620 


Limit of Inclination s 


tion. 


Water 


Height 


Series 


Water 


Height 


Scries 


Water 


Height 


Series 




raised in 


of 


of 


raiMd in 


of 


raii^ed in 


or 


of 




1 hour. 


Elevation. 


Effects. 


1 huur. 


Elevation. 


Effects. 


1 hour. 


Elevation. 


Effects. 





cubLfL 


a 




cub. ft. 


ft 




cub. ft. 


ft 




& 


1486-8 


8-98 


1 00 


4576 


12-36 


100 


9149 


10 '66 


1-00 


85 


1236- 


10-10 


93 


8630 


14-62 . 


0-94 


7164 


13-12 


0-97 


40 


872-3 


11-25 


0-74 


2397 


16-85 


0-71 


4841 


14-90 


0-74 


45 


443-8 


12-36 


0-50 


1306 


19 12 


0-44 


2613 


16-49 


0-44 


50 


307-2 


13-48 


0-31 


508 


20-23 


18 


893 


■ • 


• * 


55 


91-8 


14-62 


10 


180 


21-35 


007 


367 


17-84 


007 



Though the volumes of water indicated in the Table have been admitted, as the results of 
experiment, by a oonmiission of engineers ; still, as they are presented by a constructor of the 
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Angle 

IqcUu*> 
tloo. 


Water 
rabedin I' 

by 40 
Revolationai 


o 

SO 
85 
40 
45 


cub. ft 
364 D»» 
288,, 
191 „ 
104,, 



Arohimedian screw, we may fear that there is some exaggeration ; and in application, we should 
not reckon upon more than two-thirds of the product indicated. 

It seems that the quantities of water raised by these machines, they having been reduced to 
the same number of turns in the same time, should be proportional to the capacity of the hydro- 
phone arc, and consequently to the cube of the diameters, if the screws were 
similar solids ; yet Morin found that these quantities are very sensibly propor- 
tional to the 3| power of the diameter, or to D4. Ck)nsequently, by reducing 
one-third the quantities given in the preceding Table, the volumes of water 
raised in one nour, under different angles of inclination, by a screw of a 
given diameter D, would be such as are indicated in the adjoining Table. 

These screws are usually put in motion by men, who act indirectly upon 
the crank, through the intervention of beams or connectine-rods, upon which 
they impress a reciprocal motion which converts that of the cremk into a 
rotatory. What is the number of men to be employed to produce a given 
effect ? 

A screw 1*607 ft. in diameter, and 19 '19 ft. long, used for draining by 
M. Lamande, engineer, moved by nine men (working in spells of two hours, 
and then relieved by a similar number of fresh hantb), inclined about 35°, making forty turns per 
minute, raised in one hour 1589*2 cub. ft. of water 10*82 ft. For each of the nine workmen, this 
was 176*58 cub. ft. raised 10*82 ft., or 1910 cub. ft. raised 1 ft. ; he did not work over five hours in 
the day; thus, the day's labour of each was only 9550 cub. ft. In another experiment, six 
workmen, working six hours, raised each 10,660 cub. ft., and consequently 1776 cub. ft. per hour. 

According to these positive and authentic facts, we may admit tnat a workman, employed upon 
a well-arranged screw, can raise in one hour 1738 cub. ft. one foot in height, and tnat he may 
labour in this manner six hours per day. He might even work eight hours in the twenty-four, in 
a continuous draining, if the relays were properly established ; so that the number of workmen to 

Q'H' Q'H' 

accomplish snch a draining wonld be -kjq-, or, to prevent any mistake, -^^ , Q' being the volume 

of water to be raised in one hour, and H' the height of the elevation. 

We also employ for draining, screws without the envelope or barrel, consisting simply of a 
newel, upon which are placed the helicoidal threads. We place them in a canal or semi-cylindrical 
hot enclosure, made of carpentry or masonry, and having a suitable slope : it is, as it were, a half- 
barrel, but immovable. But a very small interval is left between its sides and the edges of the 
threads. These machines, called hydraulic scretos by the Glermans, are much used in Holland, where 
they are frequently set in motion by windmills. 

They have a great velocity imparted to them, lest a great quantity of water, raised at first, should 
fall back into the well, following the sides of the trough, before it has reached the point of discharge. 
They have the advantage of being independent, in their product, of the height of the water of the 
reservoir compared to their extremity, and, without shiftmg their place, they may drain a reservoir 
whose level is gradually reduced. But this advantage is more than counteracted by an incon- 
venience : very often the core or newel, at least if it is not large, bends, and the edges of the 
threads rub against the sides of the canal ; which wears out the machine, and occasions a resistance, 
absorbing a portion of the motive force. 

It may be necessary to make brief mention of a machine, which has some resemblance to the 
Archimedian screw, and which may be used for raising water to great heights : this is the spiral 
pump. It consists of a conical or cylindrical turning-shaft, upon which is wound, screw-fashion, a 
tube of lead or other material : one of its extremities takes up the water, and the other is enclosed 
exactly in the curved end of an upright tube, which conveys this water to the desired point. 

This machine, invented and made, in 1746, by a tinman of Zurich, has been made the subject 
of a work by Daniel Bernoulli, who has given its theory, and proposed some improvements, which 
have been adopted in a construction made at Florence. Since then, Nicander and Eytelwein have 
devoted their attention to it : the latter reported that, in 1784, he had established such a pump near 
Moscow, with complete success; it conveys 4 09 cub. ft. in 1 a distance of 761 ft., and 75*46 ft. 
in vertical height. This author extols all the advantages of this machine, and recommends 
its use. 

When the mouth takes up alternately water and air, these two fluids advance, from spiral to 
spiral, up to the upright pipe : they enter it ; the air is discharged and escapes into the atmosphere, 
the water ascends gr^luaily. and is discharged through the spout placed at the top of the pipe. 

During the motion, the two fluids are disposed in the spirals as shown in the ngure ; the water 
on one side, the air on the other — the latter occupying less and less space. In the first spiral from 
the entrance-mouth the air is loaded, not only with the atmospheric weight, but that of the column 
of water of the second spiral ; the air of the latter sustains also the weight of the third column ; 
and BO on : so that in the last spiral, that which is near the upright tube, it is as it were loaded 
with the weight of a column of water, whose height is the sum of the heights of this fluid in all 
the spirals. Tliis same air supports, by the elas^c force due to such pressure, the column of water 
in the upright tube ; it can therefore support one whose height is equal to the sum of the heights 
of the water in the spirals. Thus the height to which we can raise water by means of a spiral 
pump, depends upon the length and the number of spirals of the helicoidal tube. 

If the compressed air, on issuing from this machine, were properly received and directed, it would 
produce a blast, which might easily be made nearly continuous. An Archimedian screw, containing 
also in its spirals alternate masses of air and water, might yield an analogous effect, if it were 
disposed and moved in an order in some sort the inverse of that followed in draining. Blasts 
machines on this principle have been used in many mstances with success. Tlie Archimedian 
screw, in this latter case, is of great diameter compared with its core, and placed in a basin filled 
with water, with a certain inclination, so that the upper end of the axis shall be very near the 
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liaatd lattvx. W^eti the acrew tnnia, the upper moQth of the helical canni pauing in the stmo- 
Bnhere dnriiig ono-half of its rerolatiop, there takni a oertain quantitj ot air, which at flrsl haa ila 
place nboTe the first hydrophorio axis, and which then deeoendB from spiral to spiial, iSBuea 
through the lower inoutti of Ibe canal, and lenda to rise in the water of the haain, with eo elaatia 
foroe meamifed b; the height of the liquid aorfaoe aboTe thii mouth. 

AKKA. "°^ 

The Bonk (pace aroand the lower Btorice of a building h termed the atea. 

See HiMBCKATION. 

AKEA-DKAIN. Pb., ItoUmttU iW, Gm., LttftKkickt. 

An area-<ltaln Ib a narrow open area. Fig. 2S0i generally Ie« than 3 feet 
in width, constnicled aroond the baaetneut of a building, to prevent the 
approach of damp fiom the EDjroundiDg aoil. 

AltGENTAN. Vi.,Argeraan,altiagt lit ciiivrt.ntcketet line; Okb., SicM- 
tdbtr ; Ital., Psch/ong ; Span,, Argmtan metda de cobrt. niqatl y line, 

Argentan is Iho name given to an alloj of nickel, copper and z 
German silver. Bee NlOKXl., Alloyt of, 

AKH-BAND. ¥r„ Suf^rt A funJ; Gkk, Gtaehrhaller. 

Ad arm-band, Pigs. 281..2S2, 283, 284, la a piece ol crooked iron, attached either to a wooden 
rail or stone block, fixed against the walls in bairack-roomB, to retain the soldiers' mnsketl when 
not in nse, the batt-enda resting on the floor. Formerly, muskets were laid horizontally, one over 
anothef, in ann-noka, which were not so convenient to reach in cases of emergency. 




is generally termed 




An armiag-preas is a machine used for embossing the back and sidea of the cover of a book. 
Fig. 285 represenU the rotary anning-presa designed by John Gongh, to be worked by steam- 
power. The shaft, a, carrving the sttap-pulleys, b, is flied upon the top of the preaa ; and at one 
f™ ™ tne shaft is placed a toothed- wli eel, c, geared into the fly-wheel d. On the other end of 
this shaft IS fixed a small pinion, geared into the large wheel, f, running loose upon the eccentrio 
•haft /. This wheel ia fitted on a dutch, h, sliding on the square end of the eoMDtria aha(t. 



AEMOUR. 



129 



This press, which is of large size, is fitted with two sets of gauges, for feeding front and back, so 
that, with two attendants, two blocks can bo worked at the same time, rendering tliis press equal 
to two of a smaller size. The whole is supix)rted by columns, which tie the head and top bearings, 
bod, and standards, in a compound and rigid manner. The support at each side of the eccentrio 
prevents deflection of the eccentric shaft. The table, A, is supi^rted by a sliding-wedge, /, the 
whole of its width, by which arrangement the whole ix)wer of the press is concentrated upon 
tlie work. The driving-gear and machinery, being placed on the head of the press, renders the 
usual dangerous gearing on the floor unnecessary. 

ARMOUK. Fr., Annure, Cuirasse ; Geb., Panzer ; Ital., Corazzatura ; Span., Armadura, 

ARMOUR-rLATES for Ships of War, 

The first account wo have of an armoured ship is in 1530 (see *Istoria dclla Saora Religione ed 
niustrissiina Milizia di Ran (iiovanni Gierosolimitano,' di Giacomo Bosio, pub. 1594). The largest 
ship then known, one of the fleet of the Knights of St. John, was sheathed entirely with lead, and 
is said to have successfully resisted all the shot of that day. Wo have no accoimt of any similar 
device imtil the Emperor Louis Napoleon initiated tlie idea of covering vessels intended to approach 
forts with iron, in consequence of the general acknowledgment of the impossibility of supporting 
the efiects of sliell-fire in ordinary wc^en ships, or in thin iron ones when elongated shell are 
substituted for the spherical ones formerly used. In the United States, trial has been made of 
8uperpose<l plates of 1 and 2 inches thick, up to a total thickness of 8, 13, and 20 inches; but the re- 
sistance obtained in this way has never equalled tlie results where solid plates have been applied. 

It has been roughly established that to keep out a hardened projectile fired from a modem 
rifled gun, the armour-plate must have a thickness at least as great as the diameter of the shot ; 
and t}ie best practice seems to require a solid backing of wood of from twice to four-and-a-half 
times the thickness of the iron. Tliis will give great resistance when divided into a cellular form 
by iron edge-pieces or girders, as in the Chalmers* target. An iron lining on the inside is also 
necessary to diminish the risk of splinters, &c. 

Armour-plates are rolled or forged up to the thickness of 20 inches by machinery constructed 
for the express purpose. They are then bent to the shape necessary by hydraulic-power ; and 
having been planed on the edges and bored with conical holes for the bolts, are attached to the 
ship's side by long through-bolts, and screwed up with nuts from the inside. 

As the artillery have within the last few years advanced with enormous strides in weight and 
power, it has been necessary to keep pace with these improvements, in the thickness and 
resisting-}x>wer of the armour; and each step forward in the science of artillery has hitherto 
been met by a corresponding increase in the defences opposed to it. But this cannot go on ; and 
it seems that the limit of defensive armour tlie ship can carry will be sooner reached than the 
ne piu8 ultra of the gim or shot that can be brought against it. 

It remains to be seen to how much of the ship must be given absolute immunity, and how 
much may bo left to be pierced by shot without fatal consequences. Hitherto tlie practice has 
varied from protection over the whole hull with a moderate thickness of armour, to absolute 
protection confined to a small part of the hull. The Monitor system protects efliciently the hull 
and guns ; but these are little raised above the surface, and the vessel is not intended to keep the 
sea. The cupola system is an advance on the Monitor, inasmuch as it is applied to vessels of 
a larger class, and which are seaworthy. But on this plan very few guns are carried in proportion 
to the tonnage, and the ship requires one special armour and the ^ns another. There is also the dis- 
advantage that the rigging must be sacrificed if the guns are to be used over a large arc of training. 

In 1865 a series of experiments were made by the British Government to determine the 
relative penetrating effects of two shot on an iron plate, provided they strike with the same work 
or enertpf^ notwithstanding the one may be heavy with a low velocity, and the other light with a 
high velocity; and also to determine the relative resistances of a plate to penetration by two 
shot of similar form of head, and striking with work proportional to their respective diameters. 

For these experiments the charges were determined with the aid of Navez's apparatus, by 
which the velocity of each projectile was observed at the distance of 100 yards from the muzzle. 
Cast-iron shot were supplied for this experiment, their weight being the same as the steel shot. 
The spherical projectiles were shells weighted up with lead. 

The following Table shows the velocity which each projectile should have in order that the 
conditions might be fulfilled. 

Table A.— Showing tub necessary Velocities and Chabges determined by Expebdient: 
5-5-iNcii Plates. Projectile, Solid Steel Hemispherical-headed Shot. 



Oux. 



6 * 3-inch M. l. rifle-gun 

n >» 

»» i» 

n >» 

ft ., 

»♦ V 

7-inch M. L. rifle-gun 

»» t» 

100-pr. M. L. smooth-bore ^un (9-iu.) 



No. of 

Exptri- 

ment. 



1 
2 
8 

• 

5 
6 

7 

8 

,9 

10 



CharRe 
dftomiiDod 

by 
ExpenmenL 



PSOJECTILB. 



Mean 
Weight. 



Mean 
Dlam. 



Neoesaary 

Velocity 

at 100 

Yarda. 



15 
12 
11 
13 
10 
9 
13 
11 
15 
11 



lbs. 
848* 
000* 
219* 
875* 
500* 
812* 
500 
625 

437t 
1251 



lb4. 

35-56 

71 12 

10GG8 

35-56 

71 12 

106-68 

100 00 

104*- 00 



iuchM. 
6-22 

6 92 

»» 

8-87 



fi-Ot. 

1917 
1355 
1107 
1823 
1271 
994 
1130 
1022 
1254 
1135 



-Work" 

on Impact 

at 100 

Yante. 



foot tons. 
906*2 

n 

819-3 
796-2 
731-5 
885-8 
724-8 
1135-4 
929-0 



* Charge, powder nearly half the weight of shot. 



f Cbarge, powder ODe-aeventh tha weight of ibot 

K 
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The charges having been thus ascertained, the guns used were placed in battery, at 100 yards 
from a row of 5^-in. iron plates, fixed by upright supports, but unbacked. The guns were fired 
directly at the plates ; that is, the plane in which the shot moved was perpendicular to the face 
of the plates. 

Table B. — Abstbaot, showinq the Results of the Experiments carried out at Shoebury- 

NESS, 22/3/65, AGAINST 5 '5-INCH UNBACKED PlaTEB. 

1000 to 1010 show Effect of Equality of vis viva where Y and W vary. In tne last three rounds 
the charges were altered on the ground, and the effects are not comparable :- 

35 lbs Shot, Spherical, Length, 6*220 inches. 

63 „ „ Elongated, „ 8*500 

70 „ „ „ n 9*315 

106 „ M „ „ 13-458 



1* 



♦» 



»» 






Hemispherical- 
headed. 



>» 



Photo- 

n-aphie 

Namber 

of 
Round. 


Charge. 


Weight of 
Projectile. 


Velocity 

on 
Impact. 


Approximate 

2g 

in Foot Tons 

on Impact 


EffecU with Steel ProtJectiles of 6*22-fn. IMameCer, 

fired Crom the 6*3-in. Gun of 140 cwt, 

R.. EzpL No. 276. 


1000 
1003 
1001 
1004 
1006 

1002 
1007 
1008 
1009 

1010 


lbs. 
15*848 

12*000 
t • 
f f 

11*219 

13'876 
10-500 

9*812 


lbs. 
38r*876 
35-562 
63*687 
70-937 
71*250 

106*625 

106*812 

35*562 

70-875 

106*562 


feet 
1920*0 
1925*0 
1417*0 
1345*0 
1346*0 

1110*0 
1112*0 
1829*0 
1270*0 

996*0 


917*0 
913*8 
886-7 
889-8 
895-1 

911*0 
915-8 
824-9 
792*7 

733*1 


Clean hole tkrau{/h plate, and 3 ft 2 in. into earth. 

„ NT* *nd stopped by a balk of timber. 
M „ and 3ft 6 in. into earth. 
Stmck left edge of plate and broke in three pieces. 
Clean hole through plate, and 6 ft 6 in. into earth. " Earth 

loosened by former shot" 
Clean hole through plate, and 3 ft. 3 in. into earth. 
„ M depth in earth not known. 
M „ about li ft into earth. 
Stuck in plate ; base prq}ects ik in. from face of plate ; 

slight star in rear ; outer lamina off plate. 
Stuck in plate ; base projects 7 in. from lace of plate : part 
of shot showing through in rear. 



Table O. — To determine the Relative Resistances of a Plate to Penetration by Two 
Shot of similar Form of Head, and striking with vis viva proportional to their 

DIFFERENT DIAMETERS. 80LID StEEL 8hOT, ^EHISPHERICAL-HEADED. 















Approxi- 


Wi^ 




Photo- 
sraphio 
Number 

of 
Bound. 






PBOJXCriLS. 


Velocity 


mate 


2g 




GUK. 


Chabos. 




on 
Impact 


2g 


as propor- 
tional to 
Diameter. 


Kffbcts. 






Weif^t 


Diam. 


in Foot Tons 
on Impact 


• 






lbs. 


lbs. 


inches. 


feet 




fool tona. 




1011 


100-pr. smooth* 


15*437 


104- 125 


8-87 


1254*0 


1135-4 


1135*4 


Clean hol<> through plate, and 
3 ft 3 in. into e irth. 




bore. 














1009 


6'S-inch v. L. . 


10*600 


70-876 


6*22 


1270*0 


792*7 


796*2 


Stuck in plate; base prqjects 
3i in. from face of plate. 


































Knee was nearly through. 


1027 


100-pr. smooth- 
bore. 


11*125 


104-000 


8-87 


1135*0 


929*0 


929*0 


Shot rebounded, indent 3*25 in. 
deep; plate bulged and 
cracked in rear, over an area 


































of 1 ft. 2 in. by I ft. Same 


















plate as 1002, 1003. 1009. 


1012 


7-inch M. L.. 
No. 217. 


11*626 


100-312 


6-92 


1004-0 


701*1 


721-8 


Shot rebounded, indent 8-655 
in. deep. 7*33 in. diameter; 
plate cracked in rear ; shot 
much cracked. 


















1013 


» » 


1 • 


100*125 




1012-0 


711-0 


724-8 


Shot rebounded, indent 4 In. 
deep. 7 -1 in. diameter ; plate 
cracked in rear. 


1011 


100-pr. smooth- 
bore. 


15*437 


104*125 


8*87 


1254-0 


1135*4 


1135*4 


Clean bole through plate, and 
3 ft 3 in. into earth. 


1026 


7-inch M. u. 
No. 217. 


13-500 


100*312 


6*92 


1131*0 


889*7 


885*8 


Clean hole through plate ; shot 
struck and broke support of 
wood 1 ft. square, and fell in 
rear. Same plate as 1000, 
1004, 1010. 


1008 


7-inch B. L. 


12*000 


110-000 


6*88 


1090-0 


906*2 


906 2 


Just penetrated the plate ; 2 ft. 
into earth. Brown's steel 


765 


6'8-taich N. L. . 


13-876 


35-562 


6*22 


1629*0 


824-9 


819-3 


JustpcnetrcUed the pUte ; 1 1 ft. 
into loose earth. 


1009 


t • 


10*500 


70*876 


• 1 


1270-0 


792-7 


819-3 


See above. Did not penetrate ; 
base 31 in. out 


908 


68-pr. smooth- 


16*000 


72*000 


7-91 


1365 


930*2 


930*2 


Indent 2*8 in.: plate enured 
behind. Firth stceL MmuU 




bore. 






























14.082. 


1010 


6-3-Inch N.L. . . 


9-812 


106*562 6*22 

1 


996*0 


7330 


731-5 


Sttirk in plate. 



It appears from these Tables, round 1008, that a 6'22-m. projectile ia just able to penetrate a 
5}-in. plate, witli a work on impact of about 825 foot tons ; and assuming that the resistance of 
the plate varies as the square of its thickness, we shall have the following proportion to determine 
the work necessary to penetrate a 4^-in. plate with the same projectile ; that is 

5*52 : 825 :: 4-52 : X, and X = 552 foot tons. 
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Experiments against 4}-in. unbacked plates, under similar conditions to those detailed in the 
experiments against 5}-in. plates : — 

Table D. — Abstract, showing the Results of Experiments carried out against 4* 5-inch 
Unbacked Plates to determine the Relative PeVetratino Effect of Projectiles of 
the same Diameter and Form of Head, but so varying in Weight and Velocity that 

THE VIS viva on ImFACT WAS CONSTANT. 

Date of Experiment, 13/3/66. Brand of Powder, Rifle L. o. 8/7/64. Lot 805. 



Fhoto- 

grephic 

Number 

of 
Round. 



Num- 
ber of 
Plate. 



GSiargBi 



Weight and 
Luigth of 
PrqlecUle. 



Observed 

Velocity 

at 230 

Feet 



104Y 
1168 

1169 
1160 

1161 
1162 

1163 
1164 

1165 
1166 

116T 



• • 


lbs. 
6-69 


1 


6-63 


1 


• f 


1 


6-09 


1 


7 -87 


a 


8-00 

1 


3 


6-63 


2 


..? 


3 


6*06 


3 


• 1 


3. 


8-00 



63-87 lbs. 

8 '43 in. 
63*87 Ibi. 

8*43 in. 

70-94 lbs. 

9*3 in. 

106-19 Ibi. 

13*39 in. 

36*60 lbs. 

6*33 in. 
36*66 lbs. 

6-23 in. 

70*94 lbs. 

9*3 In. 
63*81 lbs. 

8*42 in. 



106*62 lbs. 
13*39 in. 



36*60 lbs. 
6*22 in. 



feet 
1121*2 

1128*3 



1077*7 
864-1 

1483*6 
1606*7 

1069*2 
1107*1 

861*3 
863*1 

1609-2 



OalcnUted 

Velocity 

on Impact 

At 

300 Feet 



Ai^roxi* 
mate 
Wttf 

Inf^Dot 
Tons on 
Impact 



feet 
1112-2 

1119-3 



860*6 

1460-0 
1482*4 

• • 

1098*2 

857-7 
859-6 

1484-9 



647-8 
654-8 



645*2 

624*7 
641*8 



633*6 

543*9 
546*2 

542*8 



Effects with Hemispberical-headed Steel 

Projectiles of 6- 22-In. biameter, flred from the 

Service 64-pr. m. l. Gun of 6* 3>in. calibre. 



Just penetrated. Shot rebounded about 6 yards ; 
length of Hhot 8 * 06 in. Preliminaiy round. 

Just penetrated ; broke plate behind In the usual 
manner ; shot rebounded 4 ft. ; length of shot 
7*92 In. ; diameters of hole 6 X 6*25 In. 

MissL Struck support of plate, and glanced off 
into the earthwork. 

Thvugh plate, breaking away rear In the usual 
manner. Shot fell 2 It In rear ; length of shot 
12-92 in. ; diameters of hole 6-76 x 7*6 in. 

Stack hi plate, breaking it away behind; shot 
almost through. 

Just penetrated ; broke plate behind In the usual 
manner; shot rebound d 4 ft ; diameter of shot 
6-32 In.; diameters of hole 6*4 x 6-5 hi. 

Miss. Siruok support and glanced into earthwork. 

Almost penetrated ; broke away plate behind over 

an area of I ft by 1 ft Shot rebounded 5 ft 

9 in. Indent 4*35 In. ; length of shot 7*88 In. 

PUtesXUI. XIV. 
Stuck In plate, breaking it away at back mmething 

more than round 1164 ; shot almost through. 
Through plate. Sliot uinied over and entered 

earthwork to a depth of 1 ft ; length of shot 

18-96 In. 
Hade a hole clean through, but shot remained 

sUrking In the plate, projecting ss much in rear 

as in front*. 



On exAmining this Table it appears that all the projectiles but one struck with " work " 
slightly under that which was requued, m>. 552 foot tons ; and that 542 tons is only just capable 
of piercing a 4*5-in. plate. Thus in most instances the shot, after penetration, rebounded, and 
fell in &ont of the plate, showing that they had expended almost their entire force in the penetra- 
tion. As 552 tons was calculated on data supplied by a shot, round 1008, which penetrated, and 
had some little force left in it, it is to be expected that a force of 542 tons should act as it did. It 
appears that a reduction of two ounces in the charge, and consequent diminution of ^ work " to 
625 foot tons, was sufficient to prevent complete penetration, round 1161, although it apparently 
required but a small blow with a hammer to separate the piece of plate at the back of tne point 
struck. As this effect was produced by the shot 'moving with the highest velocity, it is a con- 
vincing proof that, with steel shot, the penetration is not proportional to a higher power than the 
square of the velocity. 

From these experiments the following />rac^too/ conclusions maybe drawn when the projectiles 
are fired direct : — An unbacked wrought-iron plate will be perforated with equal facility by solid 
steel shot, of similar form of head, and having the same diameter, provided they have the same 
vis vifM on impact ; and it is immaterial whether this' vis viva be the result of a heavy shot and 
low velocity, or a light shot and a high velocity, within the usual limits of length, and so on, which 
occur in practice. An unbacked iron plate will be penetrated by solid steel shot, of the same form 
of head but different diameters, provided their striking vis viva varies as the diameter, nearly, that 
is, as the circumference of the shot. That the resistance of unbacked wrought-iron plates to 
absolute penetration by solid steel shot of similar form and equal diameter, varies as the square of 
their thicjoiess, nearly. 

These experiments have proved that, although in the case of cast iron a light projectile moving 
with a high velocity will indent iron plates to a greater depth than a heavier projectile with a 
low velocity, but equal " work," it is not as necessary that there should be a high velocity when 
the projectiles are of a hard material, such as steel and chilled iron ; and this result will be much in 
favour of rifled guns, by enabling them to prove effective with comparatively moderate charges 

Putting these results in an algebraic form, And taking the units as the pound and the foot, 

^=2wRA6«, [1] 

where W = weight of shot in lbs., r = velocity on impact in feet, g = the force of gravity, 
2 B = diameter of shot in feet, 6 = thickness of unbacked plate in feet, A = a coefficient depending 
on the nature of the wrought iron in the plate, and the nature and form of head of the shot. 

The shot is supposed to be of the best quality of steel, and the plate of the best quality of 
wrought iron. 
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Solving equation [1] for 6, 



and for k, 






Jk^ 



k = 



WtjS 



[2] 



[3] 



4tRi763 

In order to determine k, a serieB of equations can be formed of the following oonditiouB : — 
4»Rj762A-W,V = 0, 4»R,sr6»A-W,t?j«:=0, 4irR,<762A- W.tJ.a = 0, &c. &c. Ac. 

Substitutinp^ the experimental yalues of the different quantities, and eliminating k, it will be 
found that for hemispherical-headed shot k = 5,357,200. 

Having thus determined the value of k, the work necessary to penetrate any unbacked plate 
of given thickness can be calculated. 

Thus, to determine the icork required to just penetrate a 5'5-in. plate, with a hemispherical- 
headed steel shot of 6 22 in. diameter, 

R = 311 in. = 0-25917 ft. 6 = 5 5 in. = 045833, k = 5,357,200 ; 
and substituting these values in equation [1], 

-g— = 1,832,522 lbs. = 818 foot tons. 

It will be seen that round 765, consisting of a spherical shot of 35 56 lbs. and 6*22 in. 
diameter, moving with a velocity of 1829 ft., and consequent work of 825 foot tons, just penetrated 
a 5'5-in. plate. This trork is practically the same as that given in the above example, as a 
difference of 5 ounces in the weight of the shot would have reduced its vcork to 818 foot tons. 

Ohiique /^l'»r.— Suppose the plate set at an angle, or the gun fired obliquely at an upright plate. 
The shot has then a tenilcncy to glance off, and continue its motion in a new direction. 

The force with wliich the shot, acting obliquely, will strike, is to that with which it would 
strike if acting directly as the sine of the angle of incidence is to unity. That is, the shot 
striking in a slanting ilirection may be supposed to have opposed to it a plate of a thickness equal 
to the diagonal formed by the line of direction. 

Tablb E. — Showino the results op Practicb with Steel Projectiles fired at 4 '5-inch 

Unbacked Plates, placed at an Angle. 




Charok. 





*- , 


*• 


O fcl 


•s. 


Brand 
Powde 


Wei 



PSOJECTILV. 






4i 

-3) 



I 



£•3 



a g ^o| 



ObsSRVBD ErFWTBL 



1 


4* 5-inch un- 
backed plate 
at an angle 

ofaso. 


70-pr. N. I. 

Armstrong 

competitive 

gun. 


IbH. 

14-0 


Rifle 

L.O. 


Cylin- 
drical 
steel 
shot. 


lbs. 
700 


In. 
6^34 


9 


• • 


• 1 


t * 


t * 


1 1 


1 1 


• t 


B 


t • 


t » 


f • 


* 1 


t i 


• • 


• t 


2 


Unbacked |- 

inch plates 

placed at 

anglef) of 

60°. 

& 

30 


Wall pieco 


drams. 
10 


Rifle 

P.O. 


Cylin- 
drical 
steel 

shot 
with 

flat- 
head. 


0-344 


0-87 


3 


* f 

• • 


f ■ 
• • 


1 1 
• • 


f » 
• » 


• • 

i » 


1 1 


2 


20 


• f 


■ • 


* • 


• f 


* 1 


• • 


a 

630 

• « 


10 

a-Mnch plate 
unbacked 
(upright). 

Do. at 4«o 


12-pr. B. L. 

WhHworth 

gun. 

* * 


• 1 

Ibe. 
1-76 

• » 


1 • 

Rifle 

L.Q. 


• • 

nat. 

headed 

steel 

shot 

• » 


121 
13'1 


• • 

f2-9 
t2-7 


. • 


• f 


t * 


», 


1 1 


• > 


13*1 


• * 


« • 


Do. upright 


13-pr.K.L. 

WhJtwoTth 
gun. 


ISO 


• t 


» • 


12-1 


t • 



feet. , 
1470*0' 1049 



1141 






} 



1264 



1120 



3-1051 



134 



52-7 



• • 



1-136 






• » 



Struck centre of plate; made 
an indent 15 in. long and 7 in. 
broad, and a hole about 2 in. 
square through the plate. Two 
large pieces were torn ofT the 
back of the plate and driven to 
the rear, shot broke up. 

Made an indent 14 in. long, 4 1 in. 
deep, and 6| in. broad ; pliite 
cracked through and upencd 
out at back, from which a 
lani;e piece was torn. Shot 
broke up. 

Made an indent 14 in. long, 7 in. 
broad, and 6| in. deep. Back 
bulged and cracked through. 
A large plrce of the back torn 
ofT. Shot broke up. 

Indent Q-53-in. PLaie bulged 
behind. 



05 14-64 



106*25 



» » 



11-49 



Indent 0* 6ft-in. Bulged as before. 

Indent 0'50*in. Slight bulge 
behind. 

Indent 0'64-ln. No bulge be- 
hind. 

Small piece of plate scooped out 
No bulge behind. 

Through plate and into earth- 
butt behind. 



Clean hole tbrongb plate, but 
not sufllcient to admit shot, 
which rebounded. 

Struck near above round, dean 
bole through ; shot fell inside 
at foot of plate. Notfkirhit 

Penetrated plate. 



Equatkm [1] will thetefora become 
(Lad [2] 



Wo> 2wR*i* 






[5] 



It appenra from DiIb (hat the reBiBtaDc« of the pktR incrcasea as the viilae of 6 diminishes. 

1( )iaa already heua shown tlint a 4'5-in. unbacked plate when fired at direct, lequiree a force 
represi-titud by 2H foot tons per ineh of allots cireumrercnce to ensure penetration. 

Suppose, however, t bat the plate a placed in sncli a position that it makes an aQRle of 38° 
with the ffiDUUd. Prom equation [4] the force required to penetrate it ■□ this position amounts 
to 1445 foot tons for a allot of 6 22 in. diameter, or 73 9 foot tons per inch of shot's cirRumferenca, 

Aq experiment of this nature waa actuaUy tried by the Annstroug and Whitworth Committee. 
They caused 4 '5-inch plates to be set up at an angle of 52' with tlie vertical, and fired at them 
from 200 yards' diataoce with the eompetitire Armstrotig and Whitworth guns. 

Table E givca the results of this eiperiment. 

It appears that Ibe pntjcctiles were Holid steel shot of 70 lbs. weight and 6-34 in. diameter; 
that they struck with a " noik" of 1019 tone, or 52 7 tons per inch of shot's circumference, aild 
that they fiiikd to pais through, although the plate waa cracked and opened at the back. 

In all these experiments it is to be obsurred that tbo life of a smooth-bored gun firing charges 
of ^ the spherical steel shot's weight will be more tbau equal to that of a rifled gun firing charges 
of ^, if the guns ar« of equally good construction. Consequently, that the work done by the smocith- 
bnre in tliese examples is Dot to be taken as absolute proof of what nught be done witii higher, yet 
safe charges. 




effects of projectiles upon a: 



IT plates, tod opoD •rraolii 
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Fin. 302 and 303 repreaent & croaS'^eclioii and plan of the armour-plated Brituh vwaeU 
•Warrior,' ' Black Prince,' ' Defecce,' 'Acliillea,' ' Reaistanoe,' ' Hector,' ' Valiant," and ' Prinoa Albert.' 
Ttie ships thenuelvea are ooiutructed of iron plates, |-in. thick, and atrengthened by iron rib* 
fct intervals of 18 in. Outeide tbeae plates are two layers of teak-plankiog, making together a 
tliicknees of 18 in. Outside the plankine, rolled iron plates, ijin. in thickness, are placed, and 
the whole structure is strengthened and held together hy strong iron braces. From various 
experiments mode by tbe British GoTemmcut, it has been found that a 7-iii. muzzle-loading gun, 
ori30cwt.,withBBolidBhotof lOOIba., wilhachargeof 25lbs., is capable of piercing the side of 
the 'Warrior' up to a range of 600 yards. 

The lOD-pounder smooth-bore ^un, 9-iD., of 125 cwt.. with a solid spherical steel shot of 104 Iba., 
and 25 lbs. charge, is not capable of pienniig the 'Warrior' at any distance orer 100 yards. 

The9'22-iQ. rifled gun. of 1 2 tons, with a solid elongated steel shot of 221 Iba., and chai^ of 
441bs,, ia capable of piercing the 'Warrior 'up to 2000 vards. The 10-5-in. rifled gun, of 12 tons, 
with a solid elongated steel shot of 301 lbs., and charge of 45 tbs., is capable of piercing the 'Warrior' 
up to a range of 2000 yards. All these aseertions of piercing at long mngea, for eiample at 
2000 yards, are given from calculation, not from aotnal experiment, and ignore the angle at which 
the shot most strike, owing to its trajectory at these ranges. The American 15-in. gun, of 22 tons, 
with a spherical steel shot of 484 lbs..Bnda chsrao of 50 lbs., is Apdble of piercing the 'Warrior' 
uptoarangeofSOO yards. The American smooth bote 11-iu.and 9-iu.gaQS,fired witnsolidspherical 
steel shot and their maximum ctiarges, are not capableof piercing the 'Wonior' at Miytmnge. 



l,j_. 



N 



H 



pr7 
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Figs. 301 and 305 area croM-section and plan of the M aot*ar Agmcoort, and Northtunber 

land.' The inner skin of these Tesaels is the same as that of the W amor 'The back ng consists 

n. of teak, and is covered outside with plates 5} n th ck This armooi plating is fastened 

— — .g gf heavy coned bolts, most of whirl pass through all tl e sk ns A strip of ron 

I. ;. r-^._.j : ^ jt tbe jonotion of the plates. The rest of tbe " ' 



the results obtained were nearly the 



by three r 

1 '25 in. thick is fastened ii. 

similar to thot of the ' Warrior.' 

Prom experiments made on a target of this 

same aa those obtained from the ' Warrior ' target. 

Figs, 306 and 307 show the construction of the ' BeUerophon ' target, a is a plate 6 in, thick, 
forming the exterior covering, which is followed by a 10-in. backing of teak, worked longitudi- 
nally on the skin-plating, between the angle-iron stringers, and bolted with nut and screw bolts 
through the skin-plating. The latter is composed of two thicknesses of |-iu. plating, with a layer 
of painted canvas between. Tbe target is shown in the figure as it was erected for the purpose of 
experiment, supported by the Fairbairo target, so as to resemble the conditions of a ship's side al 
nearly as possible. This target was not subjected to a severe lest : the most severe blow it was 
sabjcctod to being from the 10-5-iii. rifled gun, with a spherical itee' shot of 165 lbs., and oiiarge 
of 35 lbs. 

This shot failed to penetrate the tArget; bat there is no evidence to prove that the lOS-in. 
gnn would not have penetrated with a oluirgB of 50 Iba. 

Figs. SOS and 309 are a cross-section and plan of the British men-of-war ' Lord Warden * and 
'lord Clyde,' Tbe frame-timbers of these ships are of English oak, 12} in. thick, and areconnected 
byiroadia<,'onn]B6ii). by l^in. The inner plankins is of the best Enctish oak, 6 in. thick, and 
is covered with an iron skin of 1} in. Tlie outer teak-planking has a thickness of 10 in., ai^ the 
armour-plate protecting it of 4} in. The bolts sustaining the armour-plates are 2} in. in diameter; 
their h^ds press against iiou washers, which, in their torn, rest upon india-rubber waahera let into 
tlie timber. 

From the tests to which this target was subjected, it may be concluded thnt the T-in. muzzle- 
leading rifled gnn, flred with a solid elongated steel shot of 100 lbs., and charge of 25 lbs., is not 
capable of piercing the 'Lord Warden' at any range. The 9'22-in. rifled gun, of 12 tons, fired 
with elongated steel shot of 221 lbs., and 44 Iba. charge, is capable of piercing the ' Lord Warden ' 
up to a range of 100 yds. 

Figs. 310 and 31 1 show a target representing the construction of the French ironclads ' La Gk>ire' 
and ' La FUndre,' both of which are wooden ships protected by armour-plates placed in four row*. 
The dimensions of the platea forming the two npper rows ate S ft. 9 in. by 2 ft, 7 in., thiekDSM 



4} in^ and oF the twoloveiiowa oft. » in. by 2 ft. 5 in., tUckneM 5A, in. : inner pknking S in., out- 
side plnakiDg 10 in. This target was completelj- pierced by a 259 lbs. cylindrical chilled caat-imn 
projectile, shot from a 9 '22 in. wtought-iroD rifled gun weighing 12 tons, nith a charge of 3011a. 




A ipberical steel shot weighing 7S'80 Ibi., fired from the eS-poonder smooth bore w th a charge 
of 16 lbs., peDelrated the armour, driving the pieoe into the backmg and makmg an indent of 

Figs. 312 anil 313 show a target repreaenting the oonBtmctlon of the armour of the Hercules.* 
The upper liaif of this slracture is famd with d wronght-irou plate 9 in thick and the lower half 
with a similar plate t9 in. thick. These plates are backed with 12 in, of teak, reeling against tt 
skin of two J-in. plates. The whole la secured to Iron ribs, 10 in. deep, with vertical teak timber 
worked in between them. Behind these ribe arc two linings of horizontal teak timber 18 in deep, 
confined by 7-in. iroQ ribs inside all, and an inside iron skin. The armour-plates are secured bj 
3-iD. bolls. The total thickness of the target eicluaiTo of the 7-ln. ribs, is at the top SIJ in,, 
and at the bottom 47) in. A I3-in. mazzle-loadinfc rifled gun. of 23 tons, with a charge of 100 lbs,, 
and an ogiTal-heedcd chiUed shot weighing d77'61bs.. strui^ the H-in. plati^ and passed tbtougb 
the target Another shot, neighing 5B0 'S lbs,, from the Mune gun, with a similar charge, struck 






FtRB. SUand 315 show a section and plan of the M-cttUed B-in ah eld, miiBtructed lotest tlie 
effect of different kinds of projectUes made of aleel or of ch lied cast iron Tb » target was con- 
BtnictedofS-in.armour-plale.baokedbylSin.ofleakandal-m ran sit n aecurpdto ran r bs 12 in, 
apart. The object of tliia experiment was to obtain a shield Hufficienlly atron;; U> riaiat or keep out 
steel projectiles of 250 lbs., fired at 200 yds. from the S-ia. muzzle-loading rifled gun with 43 Iba. 
of powder, the head of the projectile bein°: ogival, struck with a radius of one diameter. 

The results of the experiments upon this target were, that it was proof (gainst all projeclilea 
when Qred at obliquely : that it was not penetrated when flrod at direet, except by the Palliser 
chilled projectile, which completely pierced the target. They proyed that a pointed projoctile 
7'92 in. diameter can out a hole in an S-in. ptate, provided it strike with the necessary work. 

LamiTttiled j4rmour.— Laminated armour consists of a number of tliin nlatea bolleil toKelher, so 
aa to form a shield of a certain total thickDess. which depends on the number and individual thiek- 
nesaes of the plates employed. This deacription of imn-plating has been extensively used in 
America, on account of its cheapness and facility of ciiiBtmction : it. however, offers much leu 
resiataDce to shot than solid platinf;, at any rate while Dlnced in close mperposition 
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For expeiimeatB on lliiti subjoot the targets wore composed ns foIlovB; — 

No. 1 Target oonsiisted of seven g-in. wrouKht-iron plates, all breaking joint, faced with a 1 'S in. 
wmucht-iron plale. the whole fastened togetber by I j-in. rivets and sorews, 8 in. apart. 

The target mmsurtd 1'i ft. x S) ft. X 6 in., and nos fixed to an upright wooden frame. 

No. 2 Target van composed of thirteen |-in. plates, faced with a 2-in. plate, and secured and 
supported in a similar manner to No. 1. The target measured 12 ft. x 9 ft. X 10| in. 

Table F.— Showinq the Eftectb oi' Fire AOAisffr Ijiiikated Arjioi-r. 
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From these results it appears that laminated armour is considerabl; weaker than solid armour. 
Thiu a 1-iu solid plate would have eficctuall]' stopped all the projectiles, whereas the; easilj 
penetrated U in. of laminated plates. 

Fig. 316 represents Chalmem' eystem of armour-plnting. A target upon this system, which had 
a S|-in. arjnoor-platc, a compound bncking, a second plate and a cushion, with stringers running at 
right angles to the ship's fmuies. between the second plate and the skin, the stringers being 
riveted to the latter, when f red at with steel and caat-iion projectiles from the following guns,— 
SB-pounder smooth-bore, with cast-iron shot and shell, IC lbs. charge ; lOO-ponnder Armstrong, with 
cesl-iron shot and shell, 12 and 14 lbs. rharges : 300-poiinder Armetmng, with cast-iron spherical 
■hot, 501b, charge; and lastly, with solid steel shot. 301 lbs., from a 300-pounder Armstrong, with 
45 lbs. ehaiTie,— proved that this systemof baching affords great support to the armnnr-phtles, and 
prevents tlieir distortion from buckling. It is also of considerable advantage in adding strength 
and resisting power to the structure, and no other target designed for naval purposes has resided 
so great a weight of shot with so little injur;. 




138 



ARMOUR. 



Tho urntonr nnd in Teaoelx of the large 'Mnuibir' type u bLowo in Fig. 318, and is fanned of 

l&-in. pUtw, bathed by 2 ft 6 in of teak npon tiro iron Bkins, Bbown at x, e*ob 1 in. in thioknen. 

Guf-inm Prajeciilet a» , , 

eompared aitk SUel of the 

lame Size and Form— The ~^ 

diBTereDce between the 
eflectg of csat-iron and steel 
■hot upon artnonr-platta is 
most marked. The lattei 
material is the nearest , 
proach to perfect hardDess 
and cohesion at present ii 
. nae, and the amount of ivot: 
expended on the shot is lesi 
with steel than any other 
known material. With or 
diosiry cast - iron, a large 
amount of uort is expended 
in breaking up the projectile 
and hurling the fragments 
in all directions : but when 
eteet shot are maaufoctured 
in the best manner, little 
uort is expended on the 
projectile ; and in one insltuice a 12-poiinder Whitvorth ileel shot was of such perfect material. 
that after passing through 2i in. of solid iron its temperature «M apparently undlered. Several 
experiments have been made with a Tie* of aacertaining the amount of aorh lost hy the breaking 
up of OBst-iroD, alteration of form in steel shot, and so on. 

The following Table shows the absolute thickness of plate whioh can be penetrated by east-iron 
shot flrod from yarious gnns with servioe^iharges. The guns were at a distance of 100 yds. from 
the pUtes, with the eic^ion of the 6S-poundar, which was at 200 yds. 
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If the results given by this Table are oompared with the effect of steel projectilee, it will appear 
that the cast-iron shot requires about 2^ times the tcori of the steel shot to effect the same pene- 
tretion, eioept when the velocity of the cast-iron shot is high. 

Hero observe that the distance of the 68-pounder was double that of the other guns, and that 
being a caat-iron SS-pouoder. it was flred with a weak charge compared to what it would have stood 
hod it been a modem smooth-bored wrought-icon gun, in whioh cose the charge should have been 
24 lbs., the velocity 1700 ft. per second at 100 yards' range. 
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CUt-lmnSbM. 


BSMAUO. 




Out-Inn 3bK 


St«lW»t 




1-286 

1 803 
2350 
a-820 
3-850 


6-63 

11 05 
18-32 
25-32 
35-30 


2-29 

449 
7-6* 
U-OO 
20'G0 


8-34 

6-5G 
10-68 
U-82 
14-80 


2-517 

2-461 
2398 
2-302 
1-722 


From results with— 

6-pr. B. L. rifted gnn. 

12-pT 

20.pr. :. 

4(Kpr 

68-pr. nnoDth-boN. 



II will moet probably bs the geoenlly nseil 



chUled iron ia almost ai t;ood Ka steel, chUleil it 
material for projectiles for battering piirpoaes. 

The proper form of front or head to t« given to lardeBed projeelilea has been a matter of much 
diipnte. It bag been found in practice, bowever, that tbe poialed form ia tliu beat. The flat- 
headed or round-headed shot punches out a piece of the armour-plate, Figs. 319, 320, and drive* it 
into Ibe backing ; the shot has no means of ridding itself of tbii piece of armour-plate, and hai to 

Ch it in /ronf of it thrtnigh th^ backing. Thus in targets penetrated b; flat-headed or round- 
Aed shot it has alwaja been found that the pitat of armour-platt has pasted through tAo target ahng 
icith Ihe iM. 







There is another disadvantage which the blunt-headed form laboon nuder-^the tendency to 
Mt up or bulge at the head ; and this result is often very marked. A pointed bead, on the 
contrary, does not "set up" to anything like the muae extent; and almost all thoae which have 
been flred have prcMrved their points intact after passing through the plates, see Figs. 321, 322, 
S23. When, however, the shot is of tbe form of a pointed ogivol, the results of its action are for 
ditTorent. This projectile cnls through the armowplate, or rather tears through, and the plate is 
bent back, and forced into the backing ronnd the edge of the hole; the shot thus passes thraugh 
the backing williout e*rrying any jagged armour in Front of it. Fig. 819. 
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The following Table K, gives the results of some late experiments, which clearlj show the 
great superiority of the pointed head. 

In these experiments both steel shot and Palliser's chilled shot and shell were used. All the 
projectiles were fired from the same gun, under the same circumstances, the velocity of each round 
being observed. The targets consisted of a structure representing the side of an iron-clad vessel, 
protected by solid plates of 6 in. thickness, backed by 18 in. of teak, an iron skin of two ^-in. 
plates, the usual iron ribs, &c. &o. A second target, of unbacked 4 ' 5-in. plates, inclined at an 
angle of 38^ with the ground, was erected at tlie same distance. 

The projectiles were of a mean weight of 115 lbs., and of the following forms of head : — 

For Palliser's Chilled Shot. 

1. Ogival head, struck with a radius of one diameter, and brought to a point. 

2. Belgian form, head struck with a radius of 1'47 diameter, and pointed in the shape of 
a cone. 

3. Elliptical, the height of the ellipse being equal to the diameter of the projectile. 

For Steel Shot, 

1. Hemispherical. 

2. Ogival head, struck with a radius of one diameter, and brought to a point. 

Table K. 
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Box target, 6-in. 
plates on IR in. 
of teak, and a 
skin of two |-in. 
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13*62 in. 
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1178 
1180 

1183 

1184 



4 '5-in. unbacked 
plates, inclined 
at an a»igle of 
38° with the 
ground. 
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Chtllod shot, 

Belgian 

head, 

14-79 in. 

Chilled bhot. 

Ogival head, 
13-86 in. 



Steel, 

Ogival head, 

13-25 in. 



Hemispheri- 

cil-headed 

steel shot, 

12*0 tn. 



lb:i. 

117*0 



116*6 



Chlll.d. 

Belgian 

head, 

14-79 in. 

Chilled shell. 

Ogival head, 

15-6 in. 



Chilled, 

Ogival bead, 

13*86 in. 



115*0 



116-25 



115-6 6-92 



m. 
6-9 



t • 



feet 
1328*5 



1331*4 



1432*0 



1150 



• • 



1150 



115-5 

115*0 

115*19 

113-0 
113*5 



6*92 



6 9 



• • 



1340 
1332*8 
1360*0 

1380*0 



1371*0 



1339 



6*9 



1349 

1346 

1339 

1372 
1253 



66* 06 



1 1 



1 1 



1481*4 



Steel. , 1140 6*92 1240 
Ogival bead, , i 

13-25 In. I ' 

Cbilled, 114*0 i 6*9 1277 
Ogival head, 
13*86 in. 



1518*6 

1498-9 
1432 

1457*4 

1444-7 

1432-0 

1475*0 
1235*6 

1215*4 

1289*0 



68*14 

69 86 

68 95 
66 06 

67*23 

66 65 

66-06 

68*04 
57*00 

55*91 

59*47 



Observkd Emscxa 



Struck ftdr ' between two riba ; 
penetrated armour-plate, and 
stuck in backing. Shot broke 
up and remained In the hole; 
indent 15 in. 

Struck near 1 186 between two ribs. 
Shot penetrated to inner skin, 
which it bulged slightly; shot 
remained broken up in the hole. 

Struck fair between two ribsj 
penetrated the target oompletely. 
Shot broke to pieces; skin of 
target was here only balf-inch. 

Struck partly on a rib and armour- 
plate bolt; penetrated the target 
completely. Shot broke to pieces. 

Struck fair between two ribs; 
penetrated the target oompletely. 
Shot broke to pieces. 

Struck ftiir between two ribs; 
penetrated the target completely,- 
Shot picked up inside whole, 
having rebounded off annour- 
plate at rear of box. 

Struck on rib. Shot penetrated 
plate, and lodged in the backing ; 
total indent about 18 in. ; rib at 
back cracked, and forced back 
sUghtly. 

Strudc&irbetweoitworiliSL Shot 
penetrated the plate, and lodged 
m the backing; total indent 
about 14-6 in. 

Struck fair ; made a jagged hole 
1 ft long, and a small bole 
through tbe plate. Shot broke 
into pieoes. 

Struck fair between two ribs; 
penetrated the target, bursting 
and setting fire to the backing- 
Struck full on a rib ; burst in the 
backing ,* rib broken, and inner 
skin bulged and cracked. 
Struck fair ; penetrated the plate. 
Shot brc^e to pieces. 

Struck fair; penetrated the plate. 

Shot broke into pieces. 
Struck top of plate, scooping out 

a hole 4^ in. deep. Shot broke 

to pieces. 
Struck on edge of former hit; 

scooped out a piece of plate, and 

glanced off. Shot broke. 
Struck fair; scooped a hole 11 X 

6i in., and about 2 in. deep. 

Shot broke to pieces. 
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The experiments against iron*plated targets iseem to demonstrate the superiority of elongated 
oyer spherical projectiles, when the shot or shell are made of a hardened material. 

The principal objections to the spherioiU, as compared with the elongated form, may be 
enumerated as follows:— The form is ill adapted for penetration, either in the case of steel or 
chilled iron projectiles, which require a pointed cylindrical form to develop their full power. The 
diameter being larger in proportion to the weight, the projectile experiences a greater resistance, 
both from the air in its flight and from the plate on its impact. The range and accuracy is con- 
siderably inferior. The capacity of the projectile, as a shell, is much less. Elongated projectiles 
have been found to be less liable to alter their shape on impact ; and the cylindrical form is much 
better adapted for steel or chilled shells, which, as spherical, would be almost worthless. 

But it is to be remembered that neither has the target been fully worked out as a scientific 
application of strength, nor have any satisfactory experiments been made as to the effects of a 
different mode of attack— that is, that which would rack in the fullest degree, by simultaneous 
blows— against the present system of penetration by separate shot. And this is the more impor- 
tant, since no great naval battle has been decided except at close quarters, where range and 
accuracy are thrown aside, and the victory belongs to those who hit hardest at short ranges with 
whole broadsides delivered at once. Here the superior velocity obtainable in all cases with 
spherical shot, up to 800 yds., would not fail to give more work, particularly if one-third of the 
shot's weight of powder be used as a batteriug-oharge, which may well be done in modem guns. 
See Artillery. 

It should be taken into account, that if armour-plate be driven in or penetrated at short 
ranges by even spherical shot, shell effects follow, — tiie pieces of armour-plate, nuts, splinters, 
&o., doing all tnat could be expected from any shell ; and that at long ranges all shot will strike 
at an angle with the hurizontal, and any shot may strike the deck or masts even more probably 
than the armour-plate. The most complete armour and the cheapest that a ship can have Ib the 
power of sinking, so as to expose but little of her hull out of water. 

Figs. 324, 325, 326, represent the construction of the * Buffalo ' and the * Tiger,' ships recently built 
for the Dutch Government ; the former being a ram and monitor combined, and the latter a monitor. 
The dimensions of the ' Buffalo ' are :— breadth 40 ft., length 205 ft., depth 24 ft., tonnage 1472, load- 
draught 15 ft. 6 in. The dimensions of the *■ Tiger ' are : — ^breadth 44 ft., length 187 ft., and depth 
11 ft. 6 in. Both vessels carry turrets of the same construction and dimensions, 6 ft. above the 
upper deck, and 22 ft. in diameter ; pierced for two guns, and fixed upon a circular platform upon 
the main deck. This platform is moved by means of machinery similar to a railway turn-table, 
and can make one revolution in 45 seconds. The wall of the turret consists of 8-in. plates of 
malleable iron, 12 in. of teak, and 1-in. plates of wrought iron, making a total thickness of 21 in. 
Each of the 8-in. plates is 14^ ft. by 3 ft., and forms one-fifth of the circle. There are ten of 
these plates in each turret ; they are secured to teak-backing by nut and screw bolts with ** elastic 
cup-washers." In the ' Buffalo,' Fig. 324, a low wall rises out of the deck : it is of the same 
composition and thickness as the turret, the bottom of which it surrounds, and which, as well as 
the turning machinery, it protects. The outer skin of the vessel, for about 100 ft. amidships, is 
composed of 6-in. armour-plates, tapering off to 4} in. forward and 3 in. aft, laid on 10 in. of teak 
amidships, tapering off at each end to 8 in. 

Works relating to Armour: — * Report of the Secretary of the Navy on Armoured Vessels,' 
Washington, 1864. Norton and Valentine, ' Report on the Munitions of War at the Paris Exhi- 
bition,' royal 8vo, 1868. Dislcre Note, ' Sur la Marine des ^tats-Unis,' 8vo, Paris, 1867. Captain 
Noble's * Report on the Penetration, &c., of Armour Plates,' fol., 1866. 

See also :— Humber's * Record of Modem Engineering,' fol., 1863. * Revue Maritime et 
Coloniale.' ' Journal of the Royal United Service Institute.' 

Arrastre, in Gold-mining. 

ARRASTRE. Fr., Moulin a mulet mexicain ; Ger., Mexicanische Quartz Muhle ; iTia., Aia da 
quarzo; Span., Arrastre. 

The arrastre consists of a oiroular pavement of stone, about 12 ft. in diameter, on which the 
quartz is ground by means of two or more large stones, or muUers, dragged continually over its 
surface, either by horses or mules, but more frequently by the latter. The periphery of the 
circular pavement is surrounded by a rough kerbing of wood or flat stones, forming a kind 
of tub about 2 ft. in depth, and in its centre is a stout wooden post, firmly bedded in the ground, 
and standing nearly level with the exterior kerbing. Working on an iron pivot in this central 
post is a strong upright wooden shaft, secured at its upper extremity to a horizbntal beam by 
another journal, which is often merely a prolongation of the shaft itself. This upright shaft is 
crossed at right angles by two strong pieces of wood, forming four arms, of which one is made 
sufficiently long to admit of attaching two mules for working the machine. The grinding is 
performed by four large blocks of hard stone, usually porphyry or granite, attached to the arms 
either by chains or thongs of raw hide, in such a way that their edges, in the direction of their 
motion, are raised about an inch from the stone pavement, whilst the other side trails upon it. 
These stones each weigh from 300 to 400 lbs., and in some arrastres two only are employed, in 
which case a single mule is sufficient to work the machine. 

Fig. 327 is a sectional view of a Mexican arrastre, in which A is the upright shaft ; B, arms 
to which mullers, C, are attached ; and D, the central block of wood in which the lower bearing 
works. 

Some of the arrastres used by Mexican gold miners, and for the purpose of testing the value of 

Suartz veins, are very rudely put together, the bottom being made of unhewn fiat stones laid 
own in clay ; but in a well-constructed arrastre, intended to be permanently employed, the stones 
are carefully dressed and closely jointed, and, after being placed in their respective positions, are 
grouted in with hydraulic cement. 

The charge for an ordinary arrastre is 450 lbs. of quartz, previously broken into pieces of 




otwnt the size of pigeang' egga. The machine ia now let In motion, a littlo water being horn time 
to time added, and at the expiration of from four to Ave boon the quartz ha« become reduced to a 
flnely-diTided etate, and more water ia 
added, nnlil the coateats of the arraatro 

' assume tho consietency of tolerably tliick 
cream. Qnickailvei is then Bprinkled 
over ita surface to the amount of 1} oz. 
for every ounce of gold supposed to be 
coDtBined in the fioely-divided rock 
which ia generally known, with a con- 
siderable degree of sccuracr, from the 
results obtained from previouB cba^>es. 
The grinding is after this continued for 
another two hours, durmg which time 
the mercury is divided into minute 
globules, and becomes disseminated 
throughout the mass, which should bo 
of Buch a consistency as not to allow 
it to sink to the bottom but b« bo held 
in Buspeneion aa to meet, and ainalga- 
mate with, all the particles of gold._ At 

the expiration of this time the ainal- \.~j 

gamation tB considered complete, and 

the process of settling the amalgam AtMu the ground tilicious matter is oootmeneed. Water 1* 
now let into the paste bo as to render it Tery lain, aud perfectly mobile, the mules being d^ven 
Tery slowly, in rader to allow the particlet of gold and amalgam to yield to the influenoe of 
their deoBities, and to nnk to the bottom. After having in this way slowly agitated the mix- 
ture for abont half-an-hour, the thin mud is allowed to nm off, leaving behind it, in the bottom 
of the arraatre, the gold combined with mercury in the form of amalgam. Another charge of 
broken quartz is now put in, and the operation is repoited, time after time, until it is thought 
desirable to stop for the purpoBe of cleauiug up. In the ronghly-coustmcted arrvstre, having 
a bottom of uncut stones laid in clay, the ma is seldom less than ten days, and is sometime* 
extended to three weeks or a month. In this case the amalgam settles in the crevices between 
the paving-Btonea, which have to be dug up, and all the saud and mud between them care- 
fully washed. If, however, the machine be well oonstrncted, and provided with a closely-paved 
bottom, the cleaning np is more frequently repeated, since the quicbilver and amalgam do 
not find their way so reaclily between the stones, but remain on the sur&oe, from which they ara 
easily collected iu an iron vessel, for subsequent treatment by straining and retorting. 

The arrastre does its work slowly, and consumes a large amount of power in proportion to the 
quantity of rock crushed, but ia an excellent amalgamator, and is often valuable for uio purpose of 
testing newly-discovered veins, and ascertaining their approximate yield. It is also the arrange- 
ment moat commonly adopted by a miner, who, naving found a rich pocket in his vein, is deeirons 
of converting a portion of it into money, and of aaoertaining whether it be likely to oontinne 
productive, before incurriug the expense of erecting more costly and complicated appalatna. A 
modification of the arraatre ia not unfreqnently employed for the treatment of pyrites separated 
from tailings by washing, and ia generally couBidercxl to be well adapted for that purpose. 

I ARBIB. ¥K.,Arftt; Geb., A'anfe; Ital., SpijtJo, Jfueja ,- Sfam., r™. Brijia, 

The angle formed by the meeting of two surfaces which are not in the same plane. In 
bailderB" work any angle which retains ita original sharpnesa. With workmen the term "arris" 
haa onjy one dimenaion. that of length, in which it differs from the word "edge," which usually haa 
two dimeusions, namely, length and thickness. The junction of two sides of a sqnare stone is 
called its arris, but the side of least dimensions of a board or a stone slab is called its tdge, 
ARBIg FILLET. Fb., Servar» anguiaire ! GiB.. Scharf- 
'oriprvng ; IrAl^ CorrmU (rioojotars ; BPAK., Filfie lU 



iriata. 



A 



ia fillet is a sllghl piece of timber, triangular in sec- 
tion, nsed to raise the slates on a roof where they are cut by 
a chimney-shaft, skylight, or wall, when it cuts the slates 
obliquely ; the object being to throw off the Wet which would 
otherwise find Its way under the flashing. See Pillit. 

ABRIS GUTTER. Fr„ Goutliire ansvlairt; Gra., Scharf- 
iantiift Dachrinne; Ital., Goma a y ; SpAK., Qolera de forma y . 

An arris gutter is a gutter formed to a y-ahape, nsnally of 
wood, and fixed to the eaves of a building. 

ABBIS RAIL. ¥«.,0,-nieTtang«laire! Oix., Sanlauchime ; 
iTAL^ Regah trum'jol'ire ; Sr\S„ Sail dt forma ^. 

An arrii rail, in carpentry, ia a rail cut to a triangular sec- 
tion, and when fixed to poets, as Fig, 328, shows the arris in front with an oblique sorfaoe 
side. A fiat rail, or one with a rectangular section, would be calleil a nband, if used 
in a pnlieadc. 

AER1S-W18E. Fh., En Ihagonale; Ger., EdtccHe; Jtal., A tbiaxi; Bpak, p 
Diagonnlin^fite, E 

A balk or piece of squared timber sawn diagonally, F^. 829, is said to be cut | 



^ 



n 



In bricklajera' work, tiles laid diasonally. 
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Thifl metal is usually obtained from areeniouH acid, and the latter bj calcinatiftn from n 
arseniurets, anch as tbose of iron, copper, and other metals. Hence it it, in moat cases, a secondary 
product. Yet much of the areenious acid of commerce is manufactured from iron pyrites, whicb, 
when tiie arsenic in extracted, serves no other purpose. Arscuio enters aa an imporlaot agent 
into many brancties of art, and is a useful metal in forming fusible alloys. 

The nietal arsciiic is not poisonous, but one of its oiidos (arseniouB ocidX formed by its com- 
bustion in air, is extremely so ; and in operating either with the metal or the acid some caution is 
required on the part of the operator. When sJBenioua acid is operated on, if we moisten it, the 
inhalation of the dust ia prevented. And when an alloy of arsenic is melted and operated on, the 
vapours of the metal are made harmless when the operator fills his mouth with grains of charcoal, 
renewing them from time to time. This charcoal will absorb any arseuio which may accideutally 
enter the organs of respiration. Areeuical pyrites is the common ore of this metal. 11 ia here 
combined with iron, silver, gold, buimuth, and antimony. In all caseB of its application in 
practice, we may consider the arsenious acid aa the only ore; and as this is obtaiued as a 
Beooudary product in the calcination of cobalt ores, we shall include the description of its manu- 
facture in the article on that substance. 

The arsenious acid of commerce ia white, glassy when fresh, but generally ojiaqne when 

market for sale. For metallurgical purposes no arseniou* acid in powder ought to be 

1 is frequently adulterated with gyjaura or other matter. The commercial article is 
■e or less perfectly glassy or milky, or transparent in the interior of the flat pieces, while 

on toe exterior it appears opaque; it is generally vitreous tbrougliout its whole mass. It is 
slightly soluble in water. About ten parts may be dissolved in boiling water: this quantity, 
however, depends on the amount of acid present. Water never disaolves the whole of it, even 
when less tlian the above quantity is exposed to its action; it will dissolve more when a large 
quantity of acid is afforded. Arsenious acid oonsistsof 75 S metal, and 24 19 oxygen. It sublimes 
in open vessels at 3S0'' ; it is decomposed by hydrogen, carboD, sulphur, phosphorus, and soma 
metals, such as lead, iron, silver. &c. , 

The metal arsenic is easily obtained pure when arsenious acid is mixed with fatty oil, or a 
compound of carbon and hydrogen, or hncly-pulvcriicd soft charcoal, and heated gently in a glass 
tube. It evaporates at 356=*, and is therefore easily Hmclted. and the metal coniT 
cold parts of the heated tube. In lar^e quantities it may be obtained by mixing a 



shown in Fig, 330, and wel! luted ; the lower pot is 
kept cool. The metal thus formed and 
evaporated will condense in the upper pot, 
from which it ia easily separatel, when 
cold. The same operation maybe performed 
on arsenical pyrites, without carbon; and 
the metal is obtained in a similar manner. 
Iron, nickel, and other permanent metals 
remain in the lower pot, combined with 

The metal ia of a high lustre, sod 
greyish-white; its specific gravity is 5'70. 
Its weight and lustre increase with its 
purity. It evaporates without melting; and 
its vapours, which smell strongly of garlic, 
are sometimes oonfoundcd with those of 
phosphorus. Arsenious acid does not smell ; 
it is the metal only which emits this odour.' 
It is not ductile, nor malleable, and may be 
converted into fine powder in a mortar. It 
is highly combustible, and deflagrates when 
either mixed or heated gently with solt- 

If this metal, in its pure state, is of little interest to the metallurgiet, its alloys are of much 
value. All metals, without an exception, are made more fusible by the addition of arsenic; in 
some instances its influence is remarkably distinct. The alkaline metals coruhina with it with 
great facility, even when it is simply heated with the oxides of those metals— such as potassa or 
eoila. It requires extreme caution to operate on these alloys; that is, on those of the alkaline 
metals and arsenic, because they decompose rapidly in damp air, and evolve arseniuretted 
hydrogen— a virulent poison^tho effect of which resists the moat refined skill of the physician. 
In eninbinntion with lead — ^in shot — arsenic is harmless ; an<) also in all compounds of the proper 
metals, wtieu its quantity ia not too large. Aluminum, and all the ractolsof this class, combine very 
readily with arsenic. In fact, all metals combine easily with arsenic but they are quite as eaaily 
decomposed. The decomposition of arsenical alloys is effected by merely continued heat, and, with 
the exception of silver, in a short time. The higher tlic degree of heat is, so much shorter is the 
time in which the act is accomplished. When it is desiralile to retain arsenic in the composition, 
it is necessary to melt the metaU at as low a heat aa possible. The combination of arsenic with 
other metals is as easily performed as the decomposition. Metallia arsenio and lead cannot 
be combined directly : but when melted lead is covered by arsenious acid, some load is oxidized, 
and in its place arsenio is absorbed. In the iome manner, other metals, which melt at or neoi the 
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heat at which araenions acid volatilizea, may be combined vith araenio. Iron, chromimn, copper, 
and others, cannot be alloyed by these means, but they may be effectually combined with arsenio 
in a manner described in our articles on these metals ; and there is no doubt that all aUoys of this 
kind are most safely and correctly compounded by that manner — namely, cementing the metals 
directly, or their oxides, with'arsenious acid and carbon, at a heat at which neither the refractory 
metals nor the alloy is melted, and then melt the alloy thus formed at the lowest heat at which 
it will dissolye in a crucible, with the exclusion of oxygen ; that is, under a coyer of fusible 
glass. 

Alloys of arsenio cannot be conyerted into yessels in which food for men or animals is pro- 
pared, but it finds extensiye applications in other cases; and when its properties are more 
thoroughly understood, it will be still more generally used. In yirtue of its property of causing 
the fluidity of metals, when present in small quantities, it promotes the union of those metals 
which, without its assistance, do not unite. Zinc and lead do not unite yery readily ; but with the 
assistance of a little arsenic, both form a firm combination. Iron has no affinity for lead, but 
when arsenio is present it forms an alloy with it. Thus we may form combinations which, without 
the assistance of arsenic, cannot so easily be accomplished. Iron and alumina may be formed by 
melting grey-iron and puro alumiua together ; in thlB case all the impurities of the cast iron are 
in the compound. When nure iron filings or turnings are cemented in alumina, arsenious acid, 
and carbon, and then melted in a crucible so as to expel the arsenic, an alloy of iron and 
aluminum of great purity is formed, which, howeyer, contains traces of arsenic 

Arsenic, like antimony, has a remarkable tendency to cause metals to crystallize ; but it does 
not make quite as brittle alloys as the latter. In producing a high degree of fluidity, it admits the 
melting of metals at a low heat, and consequently the formation of small crystals and fine grain, 
and enables the metals to contract into a small compass, which causes them to be close and to 
assume a high polish. With the closeness of grain, the hardness luid brittlenees increases. 

Arsenic causes all metals to be whiter than they naturally are. 

ABTESIAK WELL. Fb., Puits arUaien ; Geb., Artemoher Brunnen ; Ital., Poxzo arte$iano ; 
Span., Pozo artesiano. 

An artesian well is a shaft sunk or bored through impermeable strata, until a water-bearing 
stratum is tapped, when the water is foroed upwards by means of the hydrostatic pressure due to 
the superior leyel at which the rain-water was receiyed. 

When comparing tiie operations and tools of artesian well-borers. Qeorge Rowdon Bumell, in a 

gaper, giyen in the Minutes of the Institution of Ciyil Engineers, " On the Machinery Employed in 
inking Artesian Wells on the Continent," takes three systems, namely, — ^the Chinese, or Fauyelle's 
system ; the French well-borers', or, rather, the usual well-borers' system ; and Kind's system. 
Of these, the system of Fauyelle was at first much patronized by Arago and by Dr. Buckland, 
but it is now yery little practised on the Continent, and not at all in Great Britain. The prin- 
ciples upon which it was founded were, first, that the motion g^yen to the tool in rotation was 
simply deriyed from the resistance that a rope would oppose to an effort of torsion ; and, therefore, 
that the limits of application of the system were only such as would proyide that the tool should 
be safely acted upon ; and, secondly, that the injection of a current of water, descending through 
a central tybe, should wash out the detritus created by the cutting tool at the bottom. The 
difficulties attending the remoyal of the detritus were- enormous ; and, though the system of 
Fauyelle answered tolerably well when applied to shallow borings, it was found to be attended 
with such disadyantages when applied on a large scale, that it has been generally abandoned. 
The quantity of water required to keep the boring-tool clear is a great objection to the introduc- 
tion of this system, especially as in the majority of cases artesian wells are sunk in such places as 
are depriyed of the adyantage of a large supply. 

In the ordinary system of well-boring, the motion of the tools used for the comminution, or for 
the remoyal of the rocks, is effected by the use of solid iron rods, connected with the upper parts 
of the machinery, so that the weight of the rods, and the weight of the tools themselyes, increase 
in proportion to the depth of the excayation. It follows from this fact, that where the excayation 
is yery deep, there is considerable difficulty in transmitting the blow of the tool, in consequence 
of the yibration produced in the long rod, or in conseauence of the torsion ; and, for the same 
reason, there is a danger of the blows not being equally deliyered at the bottom. It has been 
attempted to obyiate this difficulty by the use of hollow rods, presenting greater sectional area 
than was absolutely necessary for the particular case, in order to increase their lateral resistance 
to the blows tending to produce yibration. The trepan is made so as to fall from a height of 
2 feet, but the disengagement of the machinery is effected by the reaction of the column of water 
that the trepan works in. The majority of well-borers haye, in many instances, used the hollow 
rods filled with cork, or with similar substances, and they haye also tried the Euyenhausen joint ; 
but they do not appear to haye made so much use of Kind's system for remoying the products of 
the excayation, and they more frequently resori to augers and chisels. 

The first weU that was executed of great depth, and which gaye rise to the adoption of tools 
which directed public attention to the art of well- boring, was tluat for the city of Paris by Mulot, 
at the Abattoir of Orenelle. This was oonmienced in the year 1832 ; and, after more than eight 
years' incessant labour, water rose, on the 2Gth of February, 1842, from the total depth of 1798 
feet. Subsequent to this, many wells haye been sunk on the Continent, with, the hope of attaining 
the brine springs so often met with in the Rhine proyinces, or the springs destined for the supply 
of towns, and which are eyen deeper tiian the weU of Orenelle, reachmg in some oases to the 
extraordinary depth of 2800 feet; out all of them, like the Orenelle weU, of small diameter. In 
their construction, howeyer, the Oerman engineers introduced some important modifications of the 
tools employed ; and, amongst other inyentions, Euyenhausen imparted a sliding moyement to the 
striking part of the tool used for comminuting the rock, so as to fall always through a certain dis- 
tance s and thus, while he produced a uniform action upon the rock at the Vottom, he ayoided the 
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jar of the tools. Kind also began to apply his system to the working of the large excayations for 
the purpose of winning coal. Whilst the art was in this state, and when he had already executed 
some very important works in Germany, Belgium, the North of France, Greuzot, Seraing, &c., the 
Municipal Council of Paris determined to intrust him with the execution of a new well they were 
about to sink at Passy. The well of Passy was intended to be executed in the Paris basin, which 
it was to traverse with a diameter, hitherto unattempted, of 1 m^tre, 3 2809 ft. ; that of the 
Grenelle well being only 20 centimetres, 8 in. It was calculated that it would reach the water- 
bearing stratum at nearly the same depth as the latter, and would 3rield 8000 metres or 10,000 
cubic mMres in 24 hours, or about 1,786^40 gallons to 2,282,800 gallons a-day. 

The operations were undertaken by Kind under a contract with the Municipality of Paris, by 
which he bound himself to complc^te the works within the space of twelve months from the date 
of their commencement, and to deliver the above quantity of water for the sum of 300,000 francs, 
12,000/. On the 31st of May, 1857 — after the workmen had been engaged nearly the time stipu- 
lated for the completion of the work, and when the boring had been advanced to the depth of 
1732 ft. from the surface— the excavation suddenly collapsed in the upper strata, at about 100 ft. 
from the ground, and filled up the bore. Kind would have been ruined had the engineers of the 
town held him to the strict letter of his contract; but it was decided to behave in a liberal 
manner, and to release him from it, the town retaining his services for the completion of the well, 
as also the right to use his patent machinery. The difficulties encountered in carrying the exca- 
vation through the clays of the upper strata were found to be so serious that, under the new 
arrangement, it required six years and nine months of continuous efforts to reach the water- 
bearing stratum, of which time the far larger portion was employed in traversing the clay beds. 
The upper part of this well was finally lined with solid masonry, to the depth of 150 ft. from the 
surface; and beyond that depth tubing of wood and iron was introduced. This tubing was 
continued to the depth of 1804 ft. from the surface, and had at the bottom a length of copper pipe 
pierced with holes to allow the water to enter. At this depth the compound tiibing coiQd not be 
made to descend any lower ; but the engineers employed by the city of Paris were convinced that 
they could obtain the water by means of a preliminary boring ; and therefore they proceeded to 
sink in the interior of the above tube of 3 2809 it. diameter, an inner tube 2 ft. 4 in. diameter, 
formed of wrought-iron plates 2 in. thick, so as to enable them to traverse the clays encountered 
at this zone. At last, the water-bearing strata were met with on the 24th of September, 1861, at 
the depth of 1913 ft. 10 in. from the ground-line ; the 3rield of the well being, at the first stroke of 
the tool that pierced the crust, 15,000 cubic m(!tres in 24 hours, or 3,349,200 gallons a-day ; it 
quickly rose to 25,000 cubic metres, or 5,582,000 gallons a-day ; and as long as the column of water 
rose without any sensible diminution, it oontini^ to deliver a uniform quantity of 17,000 metres, 
or 3,795,000 gallons a-day. The total cost of this well was more than 40,000/., instead of 12,000/., 
at which Kind had originally estimated it. 

In sinking the well of PassV; the weight of the trepan for comminuting the rock was about 
1 ton 16 cwt., 1800 kilog. ; the height through which it fell was about 60 centimetres; and its 
diameter was 3 ft. 3^ in., 1 m^tre. The rods were of oak, about 8 in. on the side, and the dimensions 
of the cutting tool were limited to 3 ft. 3A- in. because it worked the whole time in water ; but 
generally the class of borings Kind undenook were of such a description as justified resorting to 
tools of great dimensions. When sinking the shafts for winning coal, his operations required to 
be carried on with the full diameters of 10 ft. or 14 ft., and he then drove a boring of 3 ft. 4 in. 
diameter in the first instance, and subsequently enlarged this excavation. There can be no 
objection to executing artesian borings of this diameter, other than the probable exhaustion of the 
supply; particularly as it is now known that 
the yield of water by these methods is propor- 
tionate to the diameter of the colunm ; though, 
strange as it may appear, the first opposition to 
Kind*s plan of smking the well of rassy was 
founded upon the assumption that he would 
not meet with a larger supply of water from the 
sub-cretaceous formations than had been met 
with at Grenelle, where the diameter of the 
boring was at the bottom not more than 8 in. 
It is now, however, proved that there is a 
direct gain in adopting the larger borings, not 
only as regards the quantity of water to be 
derived from them, but also in their execution, 
arising from the fact that the tools can be made 
more secure against the effects of torsion or of ^ 
concussion against the sides of the excavation, 
which is the cause of the most serious accidents 
met with in well-sinking. 

The trepan of M. Kind contains some pecu- 
liar details, which are shown in Figs. 331, 332. 
The trepan is composed of two principal pieces, 
the frame and the arms, both of wrought iron, 
with the exception of the teeth of the cutting 
part which are of cast steel. The frame has at 
the lx>ttom a series of holes, slightly conical, 
into which the teeth are inserted, and tightly 

wedged up, Fig. 383. These teeth are placed with their cutting edges on the longitudinal axis of 
the frame that receiyes them ; and at the extremity of the frame there are formed two heads. 
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forged out of the mme piece with the body of the tool, which aIbo eaniefl two teeth, plaoed in the 
BBine direction as the otners, but doable their width, in order to render this part of the tool more 
powerful. By increasing the dimensionB of these end-teeth, the diameter of the boring can be 
augmented, so as to compensate for the diminution of the clear space caused by the tubing, 
necessarily introduced for security in traversing strata disposed to fall in, or for the purpose of 
allowing the water from below to escape at an intermediate level. 

Above the lower part of the frame of the trepan is a second piece, composed of two parts bolted 
together, and made to support the lower portion of the frame. This part of the machinery also 
carries two teeth at its extremities, which serve to guide the tool in its descent, and to work off 
the asperities left by the lower portion of the trepan. Above this, again, are the guides of the 
machinery, properly speaking, consisting of two pieces of wrought iron, arranged in the form of a 
cross, with the ends turned up, so as to preserve the machinery perfectly vertical in its movements, 
by pressing against the sides of the boring already executed. These pieces are independent of 
the blades of the trepan, and may be moved closer to it or farther away from it, as may be 
desired. The stem and the arms are terminated by a single piece of wrought iron, which ia 
joined to the frame with a kind of saddle-joint, and is kept in its place by means of keys and wedges. 
The whole of the trepan is finally iointed to the great rods that communicate the motion from the 
surface, by means of a sorew-ooupfing, formed below the part of the tool which bcArs the joint ; 
this arrangement permits the free fall of the cutting part, and unites the top of the arms and 
frame, and the rod, Fiff. 8S4. It has been proposed to substitute for this screw-coupling a keyed 
joint, in order to avoid the inconvenience frequently found to attend the rusting of the screw, 
which often interposes great difficulties in cases where it becomes necessary to withdraw the 
trepan. Kind introduced some modifications in the trepans employed in caxrying out the large 
borings for the coal mines in Belgium. These modifications were rendered necessary by the large 
dimensions he was obliged to give the borings, and by the preliminary use of a smaller trepan. 

The sliding joint is the part of Euvenhausen's invention most unhesitatingly adopted by 
Kind, and it is one of the peculiarities of his system as contrasted with the processes formerly in 
use. So long as his operations were confined to the small dimensions usually adopted for artesian 
borings, he contented himself with making a description of joint with a free fall ; a simple move- 
ment of disengagement regulating the height fixed by the machinery itself, like the fall of the 
monkey in a pUe^driving machine ; but it was found that this svvtem <ud not answer when applied 
to large excavaticms, and it also presented certain dangers. Kind then, for the lareer class of 
borings, availed himself of sliding guides, so contrived as to be etjually thrown out of gear when 
the machinery had come to the end of the stroke, and maintained in their respective positions by 
being made in two pieces, of which the inner one worked upon slides, moving freely in the piece 
that communicated the motion to the striking part of the machinery. The two puis of the tool 
were connected with pins, and with a sliding joint, which, in the FasBy well, was thrown out of 
gear by the reaction of the column of water above the tool unloosing the dick that upheld the 
lower part of the trepan, Figs, 835, 836, 837. The changes thus made in the usual way of 
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releasing the tool, and in guiding it in its fall were, however, matters of detaO ; they involved no 
new principle in the manner ofweU-boring: and the modem authorities ppon the subject con« 
sider that tnere was something deficient in Kind's system of making the column of water act upon 
a disc by which the dick was set in motion. This system, in fact, required the presence of a 
column of water, not always to be commanded, especially when the borings had to be executed in 
the oarboniferons series. 

The rods used for the suspension of the trepan, and for the transmission of the blows to it, 
were of oak ; and this alone would constitute one of the most characteristic difierences between the 

Sstem of tools introduced by Kind and those made by the majority of well-borers, but which, like 
e disengagement of the tool intended to comminute the rock, depended for its success upon the 
boring being filled with water. The resistance that the wood offers, by its elasticity, to tha 
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effeets oT itn; radden Jcur, Ib aim to be taken into ftoommt in the oominriMn) of the latter with 
iron, for the iroD iB linble to change its form onder the influence of this cause. The resistanoe to 
an effort of toraion need not, however, be much dwelt on, for the tnrn given to the trepan ia 
always made when the tool is lifted up from its bed. For the pnrpose of making the rods. Kind 
recotQmended that straight-grown trees, of the requisite diameter, should be selected, rather than 
that they should be made of cnt timber, ae there is less danger of the wood warping, and the 
ebaracter of the wood is more bomogeneoua. Be generaJly used these trees in lengths of about 50 
feet, and he connected them at the ends with wiought-imn joints, fitting one into the other. Fig. 
836. The ironwork of the joint* is made with a shoulder nndemeath the eorew-eoupling, to allow 
the rods to bo suspended by the ordinary crov^s-foot during the operation of raising or lowering 
them. In the works executed at Passy there was a kind of fmne erected over the centre of the 
boring, of sufficient height to allow of the rods being withdrawn in two lengths at a time, thus 
prodncing a considerable economy of time and labour. 

All the processes yet introdnced for removing the prodncts of the excavation sniut be consi- 
dered to be, more or less, defeolire, because aU are established on the ■nj>poBition that the 
eomminuting tool must be withdrawn, in order that the apoon, or other tool intended to remove 
the products of the working of the oomioinntor, may be inserted. This remark applies to Kind's 
operations at Fassy and elsewhere, as he removed the rock detached from the bottom of the eica- 
Tatton by a spoon. Figs. 339, 340, which was a modifloation of the tool ho invariably employs for 
this punMse. It consisted of a cylinder of wrought iron, suspended from the rods by a frame, and 
fastened to it, a little below the centre of gravity, so that the operation of upsetting it, when 
loaded, conld be easily performed. This cylinder was lowered to the level of the last workines of 
the trepan, and the matoriala already detached b^ that instrument were forced into the tooL by 
the gradual movement of the latter in a vertical direction. Some other implements, employed by 
Kind for the purpoee of removing the prodncts of the excavation in the sliafta ita the ooal-minel 
of the North of^ranoe, were ingenious, and well adapted to the large dimensions of the shafts; 
bnt they were aD, in some degree, exposed to the danger of beooming flzed, if used in the small 
boringa of arteaian wells, by the minute particles of locks Killing down between their sides and 
the excavation Dom above. Their use was therefore abandoned, and the well of Fassy was 
cleared ont with the spoon, the bottom of which was made to open upwards, with a hinged fiap, 
which admitted the flnec materials detached by the trepan. There were ^so several tools for tba 
purpose of withdrawing the broken parts of the machinery from the exoavation, or wiistover sub- 
stances might &11 in ivsm above ; and all were marked by a great degreo of simplicity, but the^f 
did not differ enough from those generally used by well-borers for the tame pur|)oees to nent 
further remarks. £i fact, the accidents intended to be gaarded against or remedied are so pre- 
cisely alike in all cases, that there can be little variety in the manufacture of these instiument*. 
But G. H. Bumell believed that Kind deprived himself of a valuable appliance in not usinii the 
ball-clack, fa toupapt i boulti, that other well-borera employ, Fig. 341. The tools used by Hulot, 
lAurent, Dm, and other French well-boreis, are admirably adapted for the extraction of the 
matorials fW>m excavations of small diameter, but would be of no avail if applied to the well of 
Passy. Th^ seem to have been desigiied for wells which rarely exoeed the diameter of that 
executed at Gienelle, 




At Fauy, great strength i 
mschinen applied to turn the .. ....... ... „ . „ ^ 

danger of its breaking off nnder the iimnenoe of the shock, and because the nlidiW of this part 
of the machinery necessarily regulated Uie whole working ot the tool. The head of the " anem- 
blage " was omneoted with the balance-beam ol the steam-engine by a Vaucanson chain, with a 
Miew-ooupling, admitting of being lengthened as the trepan descended. Figs. 342, 343. The 
b«Iaiioe-lMMii, incvdertoinareaMitielactleforeein the upward strcfte, is ill E^'sworki made irf 
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wood, in two pieces ; the npper one being of fir and the lower one of beech. The whole of the 
machinery is pnt in motion oy steam, which is admitted to the npper part of the cylinder, and 
presses it down, and thus raises the tool at the other end of the beam to that part in connection 
with the cylinder. The connterpoise to the weight of the tools is also placed upon the cylinder- 
end of the beam. The cylinder receives the steam through ports that are opened and closed by 
hand, like those of a Kasmyth's hammer which was invented by Robert Wilson, of Patricroft ; so 
that the number of the strokes of the piston may be increased or diminished, and the length of 
the strokes may be increased, as occasion may require. 

The balance-beam is continued bevond the point where the piston is connected with it, and it 
goes to meet the blocks placed to check the force of the blow given by the descent of the tool. 
The guides of the piston-head are attached to the part of the machmery that acts in this manner ; 
but at Passy, Kind made the balance-beam work upon two free plummer-blocks, or blocks having 
no permanent cover, that they might be more easily moved whenever it was necessary to displace 
the beam, for the purpose of taking up or letting down the rods, or for changing the tools ; for the 
balance-beam was always immediately over the centre of the tools, and it therefore had to be 
displaced every time that the latter were required to be changed. This was effected by allowing 
the beam to slide horizontally, so as to leave the mouth of the pit open. The counter-check, 
above mentioned, likewise prevented the piston from striking the oylinder-cover with too great a 
force when it was brought back by the weight of the tools to its original position. The operation 
of raising and lowering the rods, or of changing the tools, was performed at Passy by a separate 
steam-engine, and the spoon was discharged into a special truck, moving upon a railway expressly 
laid for this purpose in the great tower erected over the excavation. All these arrangements were 
in fact made with the extreme attention to the details of the various parts of the work which 
characterizes the proceedings of foreign engineers, and conduces so much to their success. 

The beating, or comminution of the rock, was usually effected at Passy at the rate of from 
fifteen strokes to twenty strokes per minute. The rate of descent, of course, differed in a marked 
manner, according to tiie nature of the rock operated upon ; but, ^nerally speaking, the trepan 
was worked for the space of about eight hours at a time, afU!r which it was withdrawn, and the 
spoon let down, in oraer to remove the detritus. The average number of men employed in the 
gang, besides the foreman, or the superintendent of the well, was about fourteen : they consisted 
of a smith and hammerman, whose auty it was to keep the tools in order ; and two shifts of men 
intrusted with the excavation, namely, an engine-driver and stoker, a chief workman, or sub- 
foreman, and three assistants. The total time employed in sinking the shafts executed upon this 
system in the North of France^ where it has been applied without meeting with the accidents 
encountered in the Passy well, was found to be susceptible of being divided in the following 
manner: from 25 p» cent, to 56 per cent, was employed m mancBuvring the trepan ; from 11 per 
cent, to l^ per cent, in raising and lowering the tools; from 19 per cent, to 21 per cent, in remov- 
ing the materials detached from the rocks, and cleaning out the bottom of the excavation ; and 
from 8 per cent, to 10^ per cent, was lost, owing to the stoppage of the engines, or to the accidents 
from broken tools, or to other causes always attending these operations. In the well of Passy 
there was, of course, a considerable difference in the proportions of the tim^ employed in the 
various details of the work ; and the long period occupied in obviating the effects of Jhe slips 
which took place in the days, both in the basement beds of the Paris basin and in the sub-creta- 
ceous strata, would render any comparison derived from that well yf little value ; but it would 
appear that, until the great accident ooourredf the various operations went on precisely as Kind 
had calculated upon. 

The essential difference between the systems of Kind and those of the ordinary well-borers 
appears to consist in the use of a trepan of considerable diameter, falling through a certain height ; 
and in the rods.of oak, working in water, which were thus easily counterbalanced. All the other 
tools employed are in point of fact quite irrespective of the merits of the various processes. The 
advantages of these inventions would be very great, provided the well were sunk in such circum- 
stances as would allow of its being worked, under water, and the results of the Passy boring 
demonstrated that these inventions had a real existence for the accidents attending that work 
were such as might have been expected in the course of boring artesian wells. It may be quea- 
tioned whether the engineers of the town were justified in passing the contract with Kind to 
finish the work within the time, and for the siDn at which ne undertook it , but they certainly 
treated him with kindness and consideration, in allowing him to conduct the work at the expense 
of the city of Paris, for so long a period after the expiration of his contract. It seems, however, 
that the French well-borers could not at the time have attempted to continue the well upon any 
other system than that introduced by Kind ; that is to say, upon the supposition that it should be 
completed of the dimensions originally undertaken. The patent has now expired, and the pro- 
cesses he introduced have consequently been open to the imitation of all the world, and no doubt 
they will be adopted by the French well-borers. Experience has shown, in fact, that this detail 
was badly executed at the well of Passy. The masonry lining was introduced after his contract 
had expired, tfnd when he had ceased to have the control of the works; the wrought-iron tubing 
at the lower part of the excavation being a subsequent idea. It has followed from this defective 
system of tubing— the wood necessarily yielding in the vertical joints— that the water in its 
upward passage escaped through the joints, and went to supply the basement beds of the Paris 
basin, which are as much resorted to as the London sand-beds for an artesian supply ; and, in 
fact, the level of the water has been raised in the neighbouring wells by the quantity let in from 
below, and the> yield of the well itself has been proportionally diminished, until it has fallen to 
450.000 gallons per day. That the increased yield of the neighbouring wells is to be accounted 
for oy the escape of the water from the artesian boring is additionally proved by the temperature 
of the water in them ; it is found to be nearly 92P Fah., or nearly that observed in the water of 
Passy. Thjfl was an nnfortonate complication of the bai^|;ain made between Kind and the Mimi« 
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<dpci1 Council ; bnt it in no respect sflbcts the choice of the boriiif; machinery, which seems to han 
oompliod vEth all the conditions it was dcBigncd to meet. The descent of llie tubes and their 
nature ought to liavo been the subject of special study by the engineers of the town, who should 
have known the nature of the strata to be trarersed better tlian Kind could be supposed to do, 
' and should hare insisted upoo the tubing being executed of cast or wrought iron, so as effectually 
to resist the p&BBage of the water. At any rate, this precaution ought to hare been takeu in the 
portions of the well carried through the basement beds of the Paris basin, or through the lower 
members of the chalk and the upper greeosand. It may also be observed that a remorkablo 
change Iibs been noticed in connection with the subterranean disturiHnc«s which have lately 
token place in France. The water in this well is at these times rendered thick, cloudy, and 
totally unfit for human consumption. The discolouration of the water, however, is not dependent 
upon this cause, bnt ia owine to the strata tlu^ugh which the boring pASsas being washed out, 
which ia in [taclf a seriona objaetion to the use of the water of this well. 

The system applied by Dru ia worthy of attention, not so much on acconnt of the novelty of 
the invention, or of any new principle involved in it, as on acoount of the conlrivattces it contains 
for the application of the tool, "a chute librf" or the free-falLing tool, to artesian welLs of largo 
diameters. It baa been already ex|>lained, that under Kind's arrangements the trepan was 
thrown out of gear by the reaction of the water which was allowed to ond its way into tho 
oolnmn of tho excavation ; but that it is not always possible to command the supply of the qaan- 
tity necessary for that purpose ; and even when possible, the clatoh Eind adopted was so shaped 
•a to be Bubjoet to much and rapid wear. Dni, with a view to obviate both these inconveniences, 
made his trepan in the manner shown in Fig. 335, in which it will be seen that the tool voa 
gradually raised until it came in contact with the fixed port of the upper machinery, when it 
was thrown out of ge««. The beorings of the dutch were parallel to the horirantal line, and 
were found in practice to be more evenly worn, so that this inetrutiicnt could be worked sometimes 
from eight days to fourteen days without intermission ; whereas, on Kind's system, the trepan was 
frequently withdrawn after two days' or three days' service. AnotJier great recommendation of 
Dru's system, if applied in casea where water ia ecarco, is that there is no necessity for a column of 
water with the trepan ; but in all other essential reelects the details of bis machinery are the same 
as those employed by Kind, who must be considered to have advanced the science of well-boring 

a the introduction of timber-rods, the manner of balancing them, and by the use of the trepan, 
of which were fllst applied at the artesian boring of Passy, and enabled it to be executed in 
k comparatively short space of time. The tools introduced by Dru and other modem well-borera 
we doubtlessly better fitted for the artesian borings of pmall diameter, and for such as are free 
from water from the npper strata ; but the advantage ceasoe when these oonditions are reversed. 

The Qature and dcpttis of the different strata bored through in siuking au artesian well at 
Kentish Town, London are shown in Fig. 344 ; Fig. 315 shows the nature end extent of the 
strata llist were met in boring the artesian well at Passy, Paris ; and Fig. 346, in a similar 
manner, exhibits tho range and nature of the strata perforated in boring the artesian well at 
Grenelle, to which we have so often referred. 

We take an aooount of some recent operations in ortesiBn well-boring by U. Dm, of Pari^ 
from a paper read by him at the Conservatoire dee Arts et Metiers, Paris, 6th June, 1S67, and 
published in the ' Proceedings of the Institute of Heclianical Engineers.' 

The artesian wells «t present sank in the tertiary formation of the Paris basin, Fig. 317, range 
in size genemlly from about B in. down to 2 In. diameter, with • depth of about 230 to 350 ft. 



Oealngioal Saction frtm Niort to VerAm, through the Farii baiiii. 




a order to make the wells water tight and bring the 



The bore-bole is usually lined with oopper, in — — ., 

water to the enrface without loss. These works often present considerable difficulties in their 
eieontion, ftwm thfe frequent changes in the natnre of the ground passed through and from the 
impediments that are so often encountered in driving the tubes through the beds of sand and clay. 
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Borings of & moeh greater depth ami larger size sre now in procosa of exeaalioii in Faiia, for 
the porpoge of brioginj; to the Borfiice a large Biippl; of the ortesmn wfttera ^om tho lower green- 
■encf underlying the chalk, in the seramdorf formation ; the existence of a supplif of water in that 
atmtum has already been proved by the veil sunk at Qrenelle of 3j in. diameter, and the 
BDbBequent ooe of 2TJ in. diaiDetor sunk at Passy. Each of these two artesian wells required lix 
oi seven yean* work for its comptetiaQ; their eituation in Faris is ahown in the plan, Fig. 348. 




1 















P, FUsy Well. G, GreDclk. B, Bntte^ui-CuUcn, R, Sugar Be&Mry, 



A large artesian well mu. In 18G7, being eourtmoted by Dm at Butte-anz-Caillei, Fig. S48. 
for the supply of the city of Paris, which is intended to be carried down through the gteeDsand 
to a depth -ot 2600 or 2900 ft. to reach the Portland limestone. The boring in 1867 wa« 190 ft, 
deep, and its diameter 47 ii 



1867, see Fig. 349. 

For the smaller wella, hand-horinR tools are in use ; but these are limited to borings of inoon- 
riderable depth and sntall diameter. For borings of the diameter of these large wells, it ia necessary 
to mfke use of speaial took, worked entirely by steam-power; and in some coses of sinking mine- 
•hafta, tools of bb large a, diameter as H) ft. have .been used. The boring is effected by a rotary 
motion in the ease of the small diameters: but in borings of a large diameter and considerable 
depth, pemiSBiTe action nkme la employed, which is effected by raising the tool and letting it 
lall with inoceBfiTe atrokee. 

The apparatus emfdoyed by M, Dm in boring the laive wella that have been mentioned, ia 
■hown in Figs. 350, SSI. The boring-rod A is suspended from the enter end of the working b^m 
B, which ia made Ot timber hooped with iron, working upon a middle bearing, and is connected at 
the inner end to the Tertical steam cylinder C, of 10 in. diameter and 39 in. stroke. The stroke of 
the boring-rod is rednced to 22 in., by the inner end of the beam being made longer than the outer 
end, (erring as a partial connlerbolaDce for the weight of the boring-rod. The steam ojlinder ia 
■hown enlarged in Fig. 352, and is single-acting, bemg used only to lift the boring-rod at each 
Btroke, and the rod is lowered again by releasing the steam from the top side of the piston; the 
atroke is limited by timlier stops both below and above the end of the working beam B. 

The boring-toot is the part of most importance in the epperatus. and the one that tua inToWed 
moet difUculty in maturing its construction. The points to be aimed at in this are. — airaplioity 
of constmotion and repnirs ' the greatest force of blow possible for each unit of strikiDg-eiu&oe ; 
and freedom from liability to get turned aside and ohoked. 

The tool nsed in small borings is a single chisel, as shown in Fics. 353, 354 : hut tCr the lares 
borings it is found beet to divide the tool-fnce into separate chisels, ouch of onnvenicnt size and weigTit 
for forging. All the obiseLa, however, are kept in a straight line, whereby the extent of striking- 
mrfur^ is reduced ; and the tool Is rendered less liable to be turned aside by meetint; a hard 
portion of Qint on a single point of tbe striking-edge, which would diminish the effect of the 

The tool is shown in Figs. 355, 356, 3S7. 358, 359, 360, " ' 

body D, connected by a ecreued end, E, to tbe boritig-rutl, e 

te socki'ts and secured 

r number, according ti. ,. .. 

broken chiiiel being ensily replaced ; and niso, by changing the breadth of the two outer diisela, 
tbe diatoeter of the hole bored can be regulated exactly as may bo desired. When four chisels are 
nsed, the two centre ones are made a little longer than tho otliers. as shown in Fig. 359. to fomi a 
louding hole as a guide to the boting-rod. A oroos-bar O, of the same width a* tliu tool, guidea 
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If the whole length of the borinc-md were alloved to fkU suddenly to the bottom of t, large 
bore-hole at eecb Btroke, frequent oreakagea vonld occnr; it is therefora found requisite to 
amuge for the tool to be detached ttota the boring-iod at a fixed point in e«ch atroke^ and this 
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bM led to the general Bdoptloii of fm-faai»g looh. There hsTe been MTer*l ooob 
effeoting tbii □bjeat; and M. Dru'i plsu of eelf-Boticg free-rilling tool liberated by 
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paeiiaigl 



•bown Id tide and front view io Fin. 362, 363. The hook H, attaohed to the head or the boriuK' 
tool D, ilideB Terlicall; in the box K, which ia serewed to the lower eitiemitf of the boring-rod; 
tuid the hook engages with the oaloh, J, centred iu the ndee of the box K. whereby the tool ii 
lifted u the boring-rod rises. The tail of the catch, J, beara against an inclined plus, L, at the 
top of the bc^ K ; and the two holes canning the oentie-pln, I, of the oatoh, ate made oral in the 
Tmliiial direction, ao aa to allow a alight Tertical moremenl of the catch. When the boring-rod 
reaohea the top of the stroke, it is stopped snddealy by the tail end of the bettnt B, Fig. 351, 
■trikinR upon the wood buffer-block B ; and the ahook thus occasioned oaoaee a alight jump of the 
catoh, J, in the box K ; the tail of the catch is thereby thrown outwarda by the incline L, oa ahoihi 
In Fig. 3G4, liberating the hook H, and the tool then falls freely to the bottom of tho bore-hole, sa 
■howQ in Fig. 365. when the bonng-iod deacenda again ^ter the tool, (he catoh, J, again engages 
with the hook E, enabling the tool to be raiaed for the next blow, aa In Fig. 363. 

Another oonstmction of self-acting &ee-falling tool, liberated b; a separate diaengaging-rod, U 
ritown in tide and front view in Figs. 866, 867. This tool condsta of four prinoipal piecaa, the 
hook H, the catch J, the paul I, and the diaengaging-rod M. The book E, carrying the boring- 
tool D, alidea between the two vertical aidee of the box K, which is screwed to the bottom of the 
boring-rod; and the catch, J, wrarks in the aame apace upon a centre-pin fixed in the box. ao that 
tba tool ia carried by the lod, when hooked on tDe catoh, ai shown in Fig. 367. At tne budb 
ttmethe paull, at the book of the catch, J, aecures it from getting nnhooked bom the tool; but 
thia paol is centred in a separate sliding hoop, K, forming the top Mthedisengwiig-radH, which 
alidea freely up and down within a fliea dUtonce tipon the box K; and in iti loweot position the 
hoop, V, reats upon the upper of the two guides P P, Fig. 366, throogh which the diaengaging-rod, 
U, alidea outside the box K. In lowering the boring-rod, the disengaging-rod, H, teaohes the 
bottom of the bore-hole first, as shown in Figs, 366, 367, and being Uien stopj>ed it prevents the 
paol, 1, from deeoendiug any lower; and the inclined back of the catch, J, sliding down past the 
panl, the latter forces the catch out of tho hook H, aa ahoon in Fig. 368, thna allowing the tool, D, 
to fall freely and strike ita blow. The height of fall of the tool u always the Mine, being detar- 
mined only by the length of the diaengaging-rod H. 

The blow ha vins been atruck,and the boring-rodoontinning tobe loweied to the bottom oftbe 
hole, tho catoh, J, ^I!s back into ita original position, and engages again with the book H, oa 
ahowninFig.3G9, ready for lifting the tool in the next stroke. As the boring-rod riseo, the tail 
of the catch, J, tripe up the ueol, I, in passing, as shown in Fig. 370, allowing the catch to pass 
beely: and the paul before it begins to be lifted returns to the original position, shown in Fig. 
367, where it locks the catch J, u^ prevents any risk of its beouning unhooked either in iBlsing 
01 lowering the tool in the well. 

The boring-tool shown in Figs. 355, 356, which is employed in borine the well of 19 in. 
diameter st the Sugar Beflnery, weighs | ton, and is liberated by reaction, by the onangement 
ahown in Figs, 362 to 365 ; and the same mode of liberation was applied in the first instance to the 
larger tool, shown in Figs. 358 to 861, employed iu sinking the well of 47 in. diameter at Butte- 
aox-Cailles. The great welsht of the Utter tool, however, amounting to as moob as 3^ ton^ 
necessitated ao violent a aho^ for the pnnioaa of liberating the tool by reaction, thst the boring- 
Toda and the rest of the apparatna would have been damaged by a eontinnanoe of that mode 
of working; and M. Dra woa therefore led to design the arrangement of dtsengsging-rod for 
-'—-= -^e torf, aa shown in Kj^ 866, 867. This mode of libenlioo is conae^uently the ono 
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BOW in OM at Butt«*iii-Caill««, where _ .. . , 
In this case the cnHB-guide, G, fixed upon the hxil u made with 
(o work thmugh frcelif, as shown 
in FigB. 358, MO. For boringB of 
■mall diameter, however, the dis- 
engaging-iod cannot auperseds the 
reaction ajitetn of liberation, aa 
the latter alone ia able to work in 
borings n» Biaall as 3] in. diametet ; 
and B bore-hole no larger than 
tbia dianietor haa been mcceBEfulIj' 
' completed by M. Dru with the 
reaction-tool to a depth of 750 tt. 

The boring-rode employed are 
of two kinds, wronf;ht iron and 
wood. The wood roda, shown in 
FigB. 391, S71, are uaed for borings 
of large diameter, as they pnasess 
the advantage of having a larger 
section for atilTneBB without in- 
creasing the weight ; and also when 
immersed in water the greater 
portion of their weight is floated. 
The wood for tlie roda require* to 
I>e earefully selected, and care baa 
to be taken to chonae the timbei 
from the thick part of the tree, 
and not the toppings. In France, 
Lorraine, or Voages, deala are pre- 

The boring -rods, whether of 
wood or iron, are screwed together 
either by solid socketa, bb in Pi^. 
ST2, or with separate ooIIbts, aa in 
Fig. 379. The aeparate collars 
are preferred for the purpose, on 
account of being easy to forge : and 
also liecause, as only one-half of 
the collar worka in coupling and 
uncoupling the roda, while the ■ 
other half is fixed, the screw-thread 
becomes worn only at one end, and 
by changing the collar, end for 
end, a new thread ia obtained 
when one ia worn ont, the worn 
end being then jammed fast aa the 
fixed end of the collar. 

The boriDg-Tod is guided in the lower part of the hole by a lantern R, Fig. 351, shown to a 
larger scale in Figs. 371, 371, which oonaists of four vertical iron bars curved in at both ends, 
whera they are secured by movable sockets upon the boring-rod, and fixed by a nut at the top. 
By clianging tho bars, the size of the lantern is readily adjusted to any required diameter of 
bore-hole, aa indicated by the dotted linea. In raidng up or letting down the boring-rod, two 
lengths of about. 30 ft. each are detached or added Bt once, and a few shorter rods of different 
lengths are used to make up the exact length required. The coupling-screw B, Fig. 351, bv which 
the boring-rod ia connected to the working-beam B, serves to complete the adjoatment of length; 
this is loraod by a cross-bar, and then secured by a cross-pin through the sorew. 

In ordinary work, breakages of the boring-rod generally take place in the iron, and mora 
particularly at the part screwed, as that is the weakest part. In the ease of breakages, the tools 
usually employed for picking up the broken ends are a conical screwed socket, shown in Fig. 375, 
and a claw, shown in Fig. 376; the socket being mode with an ordinary V-threod for otsea 
where the breakage occura in the iron; but having a sharper thread, like a wood acrew. when 
used where tho breakage is in one of the wood rods. In order to ascertain the shape of the frac- 
tured end left in the bore-hole, and its position relatively to the centre line of tlie hole, a similar 
conical socket is first lowered, having ita under-surface filled up level with wax, so as to toko an 
impression of the broken end, and show whnt size of screwed socket should be employed for 
getting it np. Toohl with nippers are sometimes used in large borings, b£ it ia cot advisable to 
subject the rods to a twist 

When the boring-tool has detached a snfSrient quantity of material, the boring rod and tool are 
drawn up by moans of the rope O, Fig. 350, winding upon the drum Q, which is driven by straps 
and gearing npon the steam-engine T. A scoop is then lowered into the bore-hole by the wire- 
rope IT, from the other drum V, and is afterwards drawn up again from the excavated material. 
A friction-break ia applied to the dram Q, for regulating the rate of lowering the boring-rod down 
the weU. The scoop, shown in Figs. 377, 378, consists of a riveted iron cylinder, with a handle 
at the top, which can either be screwed to the boring-rod or attMhed to the wire-rope ; and the 
bottom is dosed by a large valve, opening iuwarda Two different forms of valve are used, either 
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On lovering this c;liiidei to the bottom of the bore-hole, the nlTC opena, and the loots material 
entan the cjlinder, where it is retained bv the closing of the valve, wbllat the Moop in drawn up 
aeftin to the lorfnce. In boring through chalk, bb in the case of the deep wells in the Paris l«iin, 
Kg. 347. the hols is flirt mode of about half the final diameter for 60 to 90 ft. depth, and it is then 
ei^Li^^ to the full diameter by luiog a larger tiMl. This is done for cunvonience of working ; for 
if the whole area were acted upon at onoe, it would involve crushing all the flints in the cbalk ; 
tmt, by putting a scoop in the advanced hole, tbe flinta that are detached dnring the working of 
the Moond larger tool are reoeived in the aooop and ieino*ed by it, without getting broken by the 
tooL 
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helgbt of fall, the bore-hole wm (Ldvanced onlf 3 to 4 In. a-Aaj. As the oppoiite eeae, itntta of nm- 
ning sand have been met with to vet, that a alight movement of the rod at the bottom of the hole 
was mifficient to make the Band rue 80 to 40 ft. in the bore-liole. In these cwee M. Dni boa adopted 
theChinese method of effecting ftipeedy clearance, by means of a Booop closed by a large ball-claofc 
at the bottom, as shown in Fig. 377, and auBpended bj a rope, to which a vertical movement ia 
given; each time the sooop falls upon the aand a portion of thia is forced up Into the aooop, and 
retained there by the ball-valve 

An at 

one or two months; and when the water first reaches the aurfi „___ 

tuations, being charged fnim time to time with the subetances at the bottom of the bore-hole. _ 
the tirenelle well there were fluctuations at starting of 300 ft. ia the height of the water. 
Telocityoftheflowof water from the artesian wells varies oanmderablj, and the following are i 
eiamplee of the delivery at the enrfoce by those already oampleted in the Paris baain : — 



8L Denis, Hdtel Dies 
Gennevillieis . . 

Stains 

Elbeuf 

Paris, Greuelle 
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2-9S 






492 


295 






1795 


8-74 


484 


16-63 


1923 


27-56 


1B80 


1-64 



The localities of these wells are shown in the plan, Fig. 348 ; and Fig. S47 is a geological 
■ection passing through the Paris basin. Sections of the strata bored through in the wells at Passy 
and Greuelle are shown in Fig. 349 ; and a section in the boring now in progress at the Bugar 
Beflnery is shown in the same Figure. In the case of the artesian well at Grenelle, the water ia 
<»rried up to a height of 128 ft. above the ground by a stand-pipe of 3'74 in. bore, from the top of 
which the water overflows at the rate of 100 gaUons a-minute, with a velocity of 3 ' 94 ft. a-second. 

Borings of large diameter, for mines or other shafts, are also snnk bj means of the same 
description of boring-tools, only considerably increased in size, extending np to as much as 14 ft 
diameter. The well is then lined with caat-iron or wrooght-iron tnbing, Kir the purpose of making 
it water-tight ; and a special contrivance, invented by Kind, has been ^opted for making a water- 
tight joint between the tubing and the bottom of the well, or with another portion of tubing pre- 
viously lowered down. This is done by a stuffing-box, ehown in Pig. 380, which contains k 
packing of raose at A A. The upper portion of the tubing 
IB drawn down to the lower portion by the tightening- '"• 

•crews B B, so as to compresa the moas-packing when the 
weight is not eufSoieot for the purpose. A space, O, is 
leftnetween the tubing and the aide of the well, to admit 
of the passage of the stufflng-bos flange, and also for 
running in concrete for the completion of the operation 
The moss-packing rests upon the bottom flange D but 
this flange is sometimes omitted. The joint ia thus simply 
made b? preoing out the mo«»-paoMng against the sides 
of the well ; and this materia], being easuy compressible 
and not liable to decay under water, ii (bund to make a 
very satisfactory and dnrable joiaL 

H. Dni states that the renelioD-tool hu been enocess- 
fnlly employed for borings up to a« l<(We as about 4 ft 
diameter, as in the case of the well at Butte-eux Cailles 
ot 47 in. diameter; bat beyond that dxe he coiuaders the 
shock requisite to liberate the larger and heavier tool 
vooli probablv be so excessive, as to be injurious to the 
b^rinx-rodeaudthereBt of theattacbmoDts; and he there- 
fore dee^;tied the arrangement of the disengaging rod for liberatmg the tool in borings of la^ 
diameter, whereby all diook upon the boring-rods was avoided aiu the tool waa liberated with 
complete certainty. 

In practice it is oeoenary to turn toe boiing-tool partly round between each stroke, ao a« to 
prevent it from falling every time in the eame posttifw at the bottom of the well ; and this wm 
effected in the well at Butte-anx-Cailles by manual-power at the top of the well, by means of a 
long hand-lever fixed to the boring-rod by a clip bolted on, which was turned round by a couple 
of men through part of a revolution during the time that the tool was being lifted. The turning 
was ordinarily done in the right-hand direction only, so as to avoid the risk of uneciewing any i^ 
the screwed couplings of the boring-rods; and care was taken to give the boring-rod- half a turn 
when the tool was at the bottom, si> as to tighten the Borew-conplings, which otherwise might 
shake loose. In the event of a fracture, however, leaving a oonaiderable length of boring-rod in 
the hole, it was sometimes neceaaBr; to have the means oftmBcrewing the couplings of the poriion 
left in the hole, so as to raise it iu parts, instead of all at ottce. In that case a locking-clifi was 
added at each screwed joint abore, nnd seoured bjr bolts, aa shown at C in Fig. 873, at the tmie of 
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pnttiiig the rada tof;sther for lowering Uhoi dowD the well to R 



IT the broken portion; and by 



bottom at the bore-hole. 

M. Drn states that in hie own experience, owing to the difficulties attending the opetatioii, 
the oocunence of delays from accideats was the rule, while the regular working of the mBohiner; 
was the exception. He also states that, although the chisel-shaped tools prenousl; deecribed were 
the form principallj employed, he considers it would be a mistake to attempt to use any one form 
of tool eicIusiTely for all descriptions of ground. For pesHing through granite, or any other 
primary rock, a percusaive action is indispensable, and the force of the blow ia required to be con- 
ccntratul upon a small extent of cutting-edge, in order to produce any effect by the blow ; but iT' 
softer ground a greater number of cutting-chisels are used in the foUing-tool. 

As loog ago as 1642 ropes have been used In France for boring purposea, bnt they have not been 
found tc answer in boring through clay, because the tool beoomea choked aod sticks fast, and the 
rope breaks, leaving the tool imbedded at the bottom of (be bore-hnle- it is then necessary to have 
recourse lo rods for taiBtog the boring-tool, and M. Dru therefore preferred to nae rods in the first 
instance. In boring through sand, however, ropes have been sncceasfully employed, and by thu 
means borings have been carried down with great rapidity, as much as 60 ft. depth having been 
adcompliahed in a fortnight llirongh a bed of sand In boring a well in the upper stratum of the 
Paris basin. The section of the Paris basin shows that, owing to the variable strata to be passed 
through, no one form of boring-tool, sneh as has been referred to, conid be ased for all parts of tbs 
boTe-bole, but diflbrent tools wore required, according to the particular ettatiScation at the bottom 
of the hole. 

When running eands are met with, the plan adopted is to use the Chinese ball-BCoop, Fig. 377, 
deacnbed for olewing the bottom of the bore-hc!e ; and where there Is too much sand for it to be 
got rid of ID this nay. a tube has to be sent down ^m (he surface to shut off the sand. This, of 
course, ceceeaitateB diminishing the diameter of the bole in passing through the sand ; but od 
reaching the soUd rook belon the ruDning sand, an expanding tool is used for continuing the bore- 
hole below the tubing with the same diameter as above it, so as to allow the tubing to go down 
with the hole. 

In the esse of meeting with a surface of very hard rock at a considerable iDclinatioD to tbe 
hore-bole, M. Dra employs a tool, the cutters of which are fixed in a circle all round the edge of 
the tool, instead of in a single diameter line ; the length of the tool is also considstably increased 
in Inch cosee, as compared with the tools used for ordinary work, so that it is guided for a length 
of as much as 20 ft. He uses this tool in all cases where from any cause the hole is found to be 

King crooked, and has even succeeded by this means in straightening a hole that had previoualj 
en bored crooked. 

The catting action of this tool is all round its edge : and therefore in meeting with an inclined 
hard surface, as there ts nothing to cut on the lower aide, the force of the blow is brought to bear 
on the upper aide alone, until an entranee is efTecled tato 
the hard rink in a true straight line with tbe upper port of 
the hole. 

Kortem't patmt Tabt Well.— This well ooDBisla of a hollow 
wrought-iron tuba about If In diameter, composed of any 
number of lengths from 3 to II ft., aceording to the depth 
required. The water i< adimtted into the tube through a 
seriee of holes, which extend up tlie lowest length to a 
hei^t of 2| ft. Aom the bottom. 

The position for a well having been selected, a vertical i 
hole is made in the ground with a crow-bar to a oonieoient 
depth : the well-tube-a, having the clamp d, monkey c, and 
pulleys \ Fig. 381, previously fixed on it, is Inserted into 
this hole. 

The clamp is then sorewed firmly on to the ttibe from 
18 in, to 2 ft. from tbe ground, as the soil is either difficult 
or easy: each bolt being tightened equally, so as not to 
indent the tube. 

The pulleys ai« next clamped on to the tube at a height 
of about 6 or 7 ft. from the ground, the ropes bom the 
monkey having been previously rove through them. 

The monkey is raised by two men palling the ropes at 
the same angle. They should stand exactly opposite each 
other, and work together steadily, bo as to keen the tube 
perfectlv vertical, and prevent it from iwaytng about while 
being driven. If the tube shows an inclination to slope 
towiuds one side, a rope should be fastened to its top and 
kept taut on the opposite side, so as gtadually to bring the 
tube back to the verticaL When the men have raised the 
monkey to within a few Inches of tbe pulleys, they lift 
their hands suddenly, thus slackening the ropes and allow- ' 
ing the monkey to descend with its full weight on to the 
olamp. The monkey is steadied by a third man, who also 
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Partieular attention must be paid to the clamp, to see that it does not move on the tube ; the 
bolts must be tightened up at the first appearance of any slipping. 

When the clamp has been driven down to the ground, the monkey is raised off it, the screws 
of the clamp are slackened, and the clamp is again screwed to the tube, about 18 in. or 2 ft. from 
the ground. After this, the monkey is lower^ on to it, and the pulleys are then raised until 
they are again 6 or 7 ft. from the ground. 

The driving is continued until but 5 or 6 in. of the well-tube remain above the ground, when 
the clamp, mookey, and pulleys are removed, and an additional length of tube screwed on to that 
in the ground. This is done by first screwing a collar on to the tube in the ground, and then 
screwing the next length of tube into the collar, till it buts against the lower tube ; a little white- 
lead must be placed on the threads of the collar before the ends of the tubes are screwed into it. 

The driving can thus be continued until the well has obtained the desired depth. 6oon after 
another length has been added, the upper length should be turned round a little with the gas- 
tongs, to tighten the joints, which have a tendency to become loose from the jarring of the monkey. 
Care must be taken, after getting into a water-beiaring stratum, not to drive through it, owing to 
anxiety to get a large supply. From time to time, and always before screwing on an additional 
length of tube, the well should be sounded, by means of a small lead attached to a line, to ascer- 
tain the depth of water, if any, and character of the earth which has penetrated through the holes 
Serforated m the lower part of the well-tube. As soon as it appears that the well has been driven 
eep enough, 'the pump is screwed on to the top and the water drawn up. It usually happens 
that the watiar is at met thick, and comes in but small quantities ; but after pumping for some 
little time, as the chamber round the bottom of the well becomes enlarged, the quantity increases 
and the water becomes clearer. 

When sinking in gravel or clay, the bottom of the well-tube is liable to become filled up by 
the material penetrating through the holes ; and before a supply of water can be obtained, this 
accumulation must be removed by means of the cleaning-pipes. 

The cleaning-pipes are of small diameter, i-in. externally, and the several lengths are con- 
nected together in the same way as the well-tubes, by collars screwing on over the adjoining end 
of two pipes. 

To clear the welL one cleaning-pipe after another is lowered into the well, nntil the lower end 
touches the accumulation ; the pipes must be held carefully, for if one were to drop into the well 
it would be impossible to get it out without drawing the well. A pump is then attached to the 
upper deaning-pipe by means of a reducing-socket ; the lower end of the cleaning-pipe is then 
raised and held about an inch above the accumulation by means of the gas-tongs : water is next 
poured down the well outside the cleaning-pipe, and, being pumped up through the cleaning- 
pipe, brings up with it the upper portion of the accumulation ; the cleaning-pipe is gradually 
lowered, and the pumping continuea until the whole of the stuff inside the well-tube is removed. 
The pump is then remov^ from the deaning-pipe, and the cleaning-pipes are withdrawn piece 
by piece ; and finally the pump is screwed on to the upper end of the tube-well, Fig. 382, which 
is tnen in working order. 

The tube being very small, is in itself capable of containing only a very small supply of water, 
which would be exhausted by a few strokes of the pump , the condition, therefore, upon which 
alone these tube-wells can be effective, is that there shall be a free fiow of water from uie outside 
through the apertures into the lower end of the tube. When the stratum in which the water is 
found is very porous, as in the case of gravel and some sorts of chalk, the water flows freely ; and a 
yield has bieen obtained in such sitimtions as great and rapid as the pump has been able to lift, 
that is 600 gallons an hour. In some other soil^ such as sandy loam, the yield in itself may not 
be sufficiently rapid to supply the pump ; in such cases, the e£^t of constant pumping is to draw 
up with the water from the Iwttom a good deal of clay and sand, and so gradually to form a reser- 
voir, as it were, around the foot of the tube, in which water accumulates when the pump is not in 
action, as is the case in a common well. In dense clays, however, of a close and very tenacious 
character, the American tube-well is not applicable, as the small perforations become sealed, and 
water will not enter the tube. When the stratum reached by driving is a quicksand, the quantity 
of sand drawn up from the water will be so great, that a considerable amount will have to b« 
pumped before the water will come up clear ; and even in some positions, when the quicksand is 
of great extent, the effect of the pumping may be to injure the foundations of adjoining buildings 
on the surfSace of the ground. 

The tube-well cannot itself be driven through rook, although it might be used for drawing 
water from a subjacent stratum through a hole bored in the rock to receive it. 

Subject to these conditions, these tube-wells afford a ready and economical means for drawing 
water to the surface from a depth not exceeding 27 or 28 ft. 

Works and Papers on Artesian Wells !— Gamier, F., * Traite sur les Puits Art^siens,' 4to, Pans, 
1826. Hericourt de Thury. * Considerations G^logiques et Physiques sur la cause du Jaillissement 
dcs Eaux des Puits Fores. Svo, Paris, 1829. Degoussee et Saurent, * Guide du Sondeur,' 3 vols., 
Paris, 1861. G. R. Bumell, * On Artesian Wells,' Transactions Inst. C. E., 8vo, 1864. B. Latham, 
* Papers on Water Supply,' Part I., 8vo, 1865. Van Ertbom, * Memoire sur les Puits Artesiens,' 
8vo, Anvers, 1866. Dni, * On the Machinery for Boring Artesian WeUs,' Proceedings Inst M. E., 
1867. 

ARTIFICIAL STONE. Fb., Pierre artificieUe; Gm., Kunstlicher Stein; Ital., Pietra 
arUfiziale; Span., Piedra artificial. 

See Stonb. 

ARTILLERY. Fb., Artillerie; Gkb., Artxllerie ; Ital., AHiglieria; Span., Artilleria, 

The term artillery is applied to all descriptions of ordnance, whether light or heavy, and every- 
thing required for their service. 

A chief point in tiie science of gunnery, and one which limits its future, is the construction of 
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gtms of BufBcient streng^ tb curb and govern the utmost force of any explosive compound which 
may be used in them. 

No modem theory of oonstructing guns can be called new, since guns are in existence 
that have been either recovered from wrecks, or pretiserved in other ways, showing every variety of 
coils, hoops, casting, wire-binding, and so on, as far as the appliances then in use could furnish 
the quondam inventors with means of carr3^g their inventions into effect. That in which novelty 
has been attained, is the improvement of processes by which large castings or forgings, accurate 
turning and boring, can be secured, or by which chemical knowledge can be brought to bear on 
the manipulation of metals : but no such progress can make a built-up gun, or machine of any 
sort, stronger than a perfectly homogeneous one, in which the varying strains are closely cal- 
culated, and properly met by the scientific disposition of the necessary strength. Thus, while 
we admire the ingenuity of the methods by which guns have been built up, we cannot think that 
such processes will now, more than in former times, tx>ntinue to be preferred to well cast guns 
of gocxl material. 

Quns are burst by two forces — the rending action of the powder gas, and the unequal heating 
of a nearly homogeneous metal ; but it is not, as supposed by some authors, by interior cracks 
caused by contraction, since metals do not contract but expand by heat ; and guns are often burst 
without such rapidity of firing as would induce sufficient heat to be felt on the outside, scarcely 
even on the inside of the gun. If cracks on the interior, and all observers are agreed on this 
point, are the first indications of the bursting of a gun — ^if this be accompanied by a sensible dila- 
tation of the bore, it is clear that, as the outside of the gun has not increased, though the inside 
has cracked, some of the metal has been compressed into a smaller space than it previously occu- 
pied, and this compression being greatest on the inside, as shown by the greater width of crack, 
ought to be resisted by a metal at that point harder, that is, having greater strength to resist im- 
pact, than at any other portion of the gun. In cannon cast solid in sand and afterwards bored 
out, the reverse is the case. Increased thickness of metal, as trunnions or other projections, will 
determine in many cases the line of fracture. A muzzle swell is beneficial, as tending to pre- 
vent vibration, which is begun at the point where the projectile leaves the gun, and the true con- 
cussive explosion takes place. The cascable, also, is not arbitrary, nor alone necessary for sup- 
porting a oreeching ; but, like the trunnions, reixiforces the gun, tnough, unlike them, it does so 
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usefully, in consequence of being in the prolongation of the axis of the piece. We give two 
practical illustrations of the bursting of guns, Figs. 383, 385 ; and one of that of mortars, Fig. 884. 
Fig. 386 shows the comparative intensity of strains in a gun when the trunnions are under the 
plane, or when there is no cascable. 
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Kow let us examine the parts in which the lines of least resistance are to be found. In the 
gun. a radial strain, Fig. 387» is exerted on all parts of the bore equally, except to the rear, where 
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it is no longer radial but direct ; no longer resisted by wedges, aft hereafter nbown, but by a 
cylinder of iron which terminates in the cascable. At the trunnions, too, which are not often 
placed in modem guns in the horizontal plane of the axis, but below it, there will be another 
fine of least resistance where the trunnions are not, the necessary consequence of a line of greatebt 
resistance where they are. 

Still more is this seen in the mortar, Fig. 384, which has an enormously greater lateral resist- 
ance at the trunnions than at the muzzle. This would feel the want of a cascable also, were it 
not that the powder-chamber is conical, and smaller than the bore ; but as it is, it splits open as if 
wedges had been driven into the muzzle — the guns as if wedges had been driven into the breech. 

J. A. Longridge, in a paper " On the Construction of Artillery," read before the Institution of 
Civil Engineers, came to the conclusion that the required object could be attained by constructing a 
gun in such an initial state of equilibrium, that wnen the varying strain, caused by internal pres- 
sure, should oome upon it, the initial strain should be equivalent to the induced strain, and the sum 
of the two strains constant throughout. With the view of proving the truth of these conclusions, 
J. A. Ix)ngridge caused a series of experiments to be made, the first of which was to ascertain the 
ultimate force of gunpowder. A number of cast-iron cylinders 1 in. diameter and O'l in. thick 
were prepared. They were bored and turned accurately, and purposely made of very hard, brittle 
iron, so as of themselves to give the minimum of strength. These cylinders were then wrapped 
round with iron wire, the tensile strength of which had been previously ascertained. The num oer 
of coils varied with the degree of strength required, and each coil was laid on with the initial 
strain, which the experimenter's calculations led him to believe would, at the moment of bursting, 
cause all the coils to give way together. The cylinders were filled with Government cannon- 
powder, and the ends secured, leaving no Tent but a touch-hole the size of a small pin, through 
which the powder was exploded. Several of these burst ; but it was found that a cylinder with 
ten coils of wire upon it could not be burst. The diametral section of the cast iron was ' 2 in. ; 
and taking its strength at 8 tons the square inch, the result is 

Tons, 
^ths of an inch x 8 tons per square inch .. = 1*6 

There were ten coils of wire, each wire by experiment broke with 
60 lbs., and was <^th inch in diameter; therefore the tensile 
strength of the two sides = 2 x 28 x 60 x 10-^2240 .. .. = 150 



Total strength 



16 6 



The Internal diameter of the cylinder was 1 inch, consequently the ultimate strength of the 
powder did not exceed 17 tons a square inch. This must not, however, be held as the maximum 
effect that may be produced. The explosion of powder is more of an impact than a pressure ; and 
although, strictly speaking, impact is only a pressure of short duration, the length of this duration 
is generally admitted to have great influence upon the effect produced. It has been stated that 
a heue to resist^ with safety, the sudden application of a given pull, requires to have twice the 
strength that is necessary to resist the gradual application and steady action of the same pull. 
From this follows that, the more rapid the explosion, the greater the strain upon the gim. Not 
that the ultimate pressure is greater ; but that, being produced in less time, its effect is greater. 

The cause of weakness in a cast-iron gun is, in the first place, that the actual stren^h of the 
interior of a large gun, or mortar, is far below that of the average of ordinary castings, and always 
must be so whilst guns are cast solid. So long as this is the case, the outside must cool and 
solidify first ; whilst the interior, cooling more slowly, must bo drawn and rendered less douse, 
and consequently less resisting. This cannot be obviated by any care in selecting material. 

The worst part of this iron, in the chase of tiie gun, is afterwards bored out ; but still the 
metal around the internal circumference is weakened below the average ; and at the bottom of 
the powder-chamber it is in the worst possible condition. This is fully accounted for by the law 
of cooling. Whenever a variation in thickness occurs, a difference in the rate of cooling must, 
also take place ; this alone gives rise to a state of varied stress amongst the particles of the metal/ 
diminishing the effect of the metal as a resisting substance. In ordinary castings this is well 
understood ; but the same law operates in guns, though in a smaller degree ; take, for imrtanoei 
the accompanying sketch of a gun, Fig. 3&, diistorted in its 
proportions, for the sake of illustration, and suppose it to 
have cooled down after casting. Although, in the present 
state of our knowledge of the subject, it would be impossible 
to determine the absolute position of the isothermal lines at 
any period of cooling, yet it is certain they must approximate 
to the dotted lines shown in Fig. 388 ; and following these 
lines according to some definite law, would be the lines of 
equal stress of the particles of the gun, when cold. When, 
therefore, the gun is bored out. it is evident that the inner 
circumference of the bore must oe in a state of varying strain, 
and that strain is one of tension. Consequently, the internal 
nart of the gun is, throughout, in an initial state of more or 
less tension , and, as regards its power to resist a tensile strain, 
it is inferior to the normal, or average strength of the material. 
But beyond this, whenever a change of dimensions occurs, the 
cooling will give rise to varying strains, which may account for 

fracture taking place at those particular parts. To obviate this, wrought iron and steel have been 
tried, and in point of workmanship great results have been arrived at ; but the same objections apply 
as to gtms of cast iron ; the inner part of the gun must be in a state of initial tension. The expense 
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and difflcnlty of manufactme are also very great. Ab a specimen of steel manufactore, the gnn 
forged by Kriipp, and afterwards bored and mounted in a cast-iron jacket at Woolwich, may be 
instanced. It was bored out to 8 in., and was from 4 to 4 • 5 in. thick. Taking the tensile force of 
hammered cast steel at 40 tons to the square inch, the resistance would be from 320 to 860 ton& 
which, if the strain had been uniform throughout, would have been equal to between 40 and 
45 tons to the square inch on the diameter ; yet the gun burst at the first discharge, with 25 lbs. 
of powder and a 260-lb. shot. Mallet mentions a wrought-iron 8-in. gun, forged at the Gospel 
Oak Iron-works, and proved at Woolwich in 1855, which burst into several pieces at the first 
discharge. The thickness at the breech end of this gun, which was stated to be of nearly the 
same dimensions as the established cast-iron guns of the same calibre, was about 9 in. ; and, 
taking the tensile force at 20 tons to the square inch, the material, provided it had been uniformly 
strained, ought to have resisted a diametral strain of 360 tons, or about 45 tons to the square inch. 
This gun, which appeared in every respect sound to the eye and of perfect material, burst with a 
proof-chu^ of 28 Ids. of powder and two spherical 8-in. shot. The conclusion has been arrived 
at, that the manufacture of large ibrged wrought-iron guns is an operation of great difficulty, 
expense, and uncertainty; and however the difficulty and expense may be decreased, the 
uncertainty must still remain ; at the best, it is but substituting for cast iron a material of higher 
tensile strength ; the radical defect of a homogeneous mass still remaining, namely, the unequal 
distribution of the strain from the inner to the outer circumference. The same remarks apply 
wiUi still greater force to guns of hammered cast steel, of large dimensions. The principle, which 
appears to be the basis of a sound and reliable construction, is that of manufacturing the gun of 
successive layers, laid on with an original increasing strain, from the centre to the oircumferenoe. 

There is an objection to the use of hoops, from the want of con- 
tinuity. The special requirement is, that each layer of the gun shall 
be in a definite initial state of tension or compression previous to 
explosion. 

If, in Fig. 389, A B G D represents a portion of a section of an 
8-in. gun, of which A G B is the inner ana D F C the outer .circum- 
ference, the state of tension of any particle between G and F may be 
denoted by ordinates drawn at the points in question, those aoove 
6 F representing tension, and Uiose below, compression. If, now, the 
gun is of any homogeneous material, such as cast iron, the state of 
tension at the time of explosion, and when the gun is about to burst, 
will be denoted by a curve U 1, or H t. Then, supposing the tensile 
force of the material to be 12 tons to the sc^uare inch, and tne thickness 
of the gun 6*5 in., when the strain at G is G H, or 12 tons, at F it is 
F I s 3 tons, or F t = 1*75 ton, according as the one or the other 
formnla is adopted. The areas of these curves give, of course, the total 
strengths of the gun at the bursting point, and are found to be 36*72 
tons and 80*871 tons respectively, instead of 78 tons, which it would 
have been if uniformly strained at 12 tons to the square inch. Now 
the object sought to he attained in the method of construction under 
oonsideratiofn is, that each particle, such as K. shall, when explosion 
takes place, be equally strained with G. In order that this may be so, 
the initial state of the tension must be such as represented by the curve L K M, those between 
O and N being in compression, while those particles between N and M are in tension. 

If, now, it ia attempted to accomplish this by means of hoops, it will be found impossible, 
inasmuch as each hoop is a homogeneous <ylinder, and follows the same law throughout its thick- 
ness, as is represented oy the curve H L Figs. 890, 891, and 392, represent th^ successive states of 
stress of rings, put on so as that when explosion takes place they shall be all equally strained 
at their inner circumferences. Fig. 890 shows two rings; Fig. 891 shows three nngs; Fig. 892 
shows four rings. The numbers denote the strains in tons per sauare incK. From this it will be 
seen that when the four rings are put on, instead of the curve L N M of Fig. 889, there are a series 
of abrupt changes, the two inner rings being in compression, and the two outer in tension. When 
the explosion takes plaoe, the state of maximum strain Ib represented by Fig. 393. 

The area between the dotted and full lines shows the work done bv the explosion, and, taking 
the total thickness of the gun, it amounts to 10* 1 tons to the inch of thiftkr^fyw ; whereas, had the 
construction been of very Uiin rings or of small wire, it would have been represented by the area 
between the dotted line L N M O H, Fig. 889, and would have been = 12 tons to the inch of 
thickness, showing a superiority of about 20 per cent, in favour of the wire over the hoops. This 
is upon the supposition that the workmanship of the hoops is perfect, which is not the case in 

fractice. To anord some idea of the accuracy required, the rami of Uie several rings, shown in 
'ig. 393, are given in the following Table :— 




No. of 
Ring. 



1 

2 
8 

4 



Inner Radius. 



4-0000 
5*3191 
7-2893 
9*4598 



Cater lUdlus. 



5-8222 

7-2928 

9-4683 

11*8247 



Thickneas. 



1*8222 
1-9737 
2*1740 
2*8649 



Differenoe. 






0081 
0085 
0035 



Thus it appears, that in order to give the requisite amount of initial stress, the external xadiaa 
of the first ring must be -nA^ of an inch, or about ^ of an inch larger than the internal radius 
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materially affect the ntrolt, and tend to deviatioDB fKim the proper initial atraina. 




Fig 391 Tepreaenia the stateB of etrsBB of the rings before eiplotion and at the instant of 
malimam strain, when the rings are aooDiately put on. 

Pig. 395 represents the states of stress of the same gun when the outer ring has been made 
rijofaninchtmsraall. 





The result ia, that before exploeion the maximum eompiession of the inner ring is increased 
from 10 086 tonslo 1 1 ' 244 tons, and the maximum tension of the outer ring from 5 ns Ions to 
7'S23 tons to the square inch ; whilst at the time of maximnm strain dnring explosion the tension 
of the same ring is only 2'2&S tons, allhoiigb the outer ring is strained to 12 tons, its assumed 
ultimate strength. The absolute strength of the gun is thus reduced from an average of 10 5 tons 
to S Ions per inch thickness, or about 40 per cent., by an error of only -r^rt of an inch in a ring 
about IT inches in diameter. Ringa, therefore, present practical ditHcullies which are entirely 
avoided hy the use of wire, aa it may he ooiled on with the exact strain indicated by theory. The 
method adopted 1^ J. A. Longridge was to ooil a quantity of wire on a drum, fixed with its axis 
parallel to that of^a latho on which the gun was placed. On llie axis of this dmm there waa 
another drum, to which was applied a bresA,' similar in principle to Prony's dynamometrio break, 
so adjusted as to give the exact tension required for each successive coil of the wire. The whole 
apparatus was extremely simple, end the wire laid on with great regularity. It is evident the 
apparatus miRht be so arranged that the process woold proceed with the same ease and re^rularity 
as winding a thread on to a bobbin, and at the eaiae time with the greatest aocunic; oa regards 
the hiilia) tension. No soch facility attends the use of hoops. They roust be aiwurstelv bored ; 
and after each layer is ptit on. the gun must be placed in the lathe, and the bonps turned on the 
outside. Great accuracy is indispensable; and not only ia the amount of lat>our much greater, 
hut it muat be of a far higher and oonsequently of a more expensive class. Then, as to the 
accuracy of tension with hoops, its atttainment is almost impracticable, while the process of 
shrinking on is not to be depended upon. Not only is there u difHculty in insuring the exaci 
. . L... , , -laof iron -'" •-■'-■•- ■ ' 



tcm|ierature required, but scarcely any two pieces ot 



o will nhrink identically : and when tlio 
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j^ pcui of an inch of oontraction would give rise to a great variation in tenBioHf the necessity of 
perfect accuracy ia apparent. It has been proposed to force the hoops in longitudinal sections bj 
njdxostatic pressure into a gun slightly conical. Captain Blakely, in a lecture given by him at 
the United Service Institution, in 1859, gave an account of his experiments. His first g^u was an 
18-pounder, Fig 396, consisting of one series of wrought-iron rings shrunk on a cast-iron cylinder, 



3M. 




5*5 in. in diameter inside, and 1{ in. thick. The wrought-iron rings were fh>m 2 in. thick 
downwards ; the total thickuess of the breech was 3J in., that of the ordinary 18-pounder service- 
gun being 5} in. This gun was fired frequently, and stood well. It was then bored out as a 
24-pounder; but not being truly bored, tne cast iron was reduced on one side to only | in. thick. 
In this state it sustained without in- 
jury several hours' firing, with charges ^^^' 
varying from one shot and 4 lbs. of 
powder, to one shot, two wads, and 
8 lbs. of powder. At the third round 
with this latter charge it burst. This 
gun had a thickness of only 2 5 in. 
round the charges, as compared with 
a service 24-pounder 6 in. in thickness. 
Gapt. Blakely next got a 9-pounder, 
Fig. 397, turned down from the trunnions to the breech, and on this part he put wrought-iron rings 
of such a size as to replace the metal removed. This gun was fired, round for roun^ with a cast- 
iron service-gun of the same size and weight. The following Table gives the result :— 






No. of Sbot 
Blakeljr. 


Chaigeof 
Powder. 


No. of 
Sbot. 


No. of Bouoda fired. 


No. of Shot 

Fired 

(Vom Servloe^un. 






Blakely'a. 


Service 






. 


lb*. 














4 


8 


2 


2 


2 


4 






86 


3 


1 


86 


86 


86 


*> 




26 


4 


1 


2ti 


26. 


26 






5 


5 


1 


5 


5 


5 






10 


5 


2 


5 


5 


10 






636 


6 


2 


318 


110 


Burst 220 






3 


6 


3 












4 


6 


4 










: 5 


6 


5 










6 


6 


6 


1 










7 


6 


7 












8 


6 


8 












9 


G 


9 








* 




1580 


6 


10 


158 




•• 






2389 


1 •• 


« • 


607 234 

1 


351 


1 



Thus it appears that Captain Blakely's gun stood 607 rounds, and the Government service-gun 
only 234 rouuas; the numlier of shot thrown being 2389 and 351 respectively, or nearly as 7 to 1. 
Proceeding with Longridge's experiments, the first point to be settled is the amount of initial 

X^ ^m fi 

strain to be put on each coil. The formula adopted by Longridge was t = T . — r~ • 

According to Professor Hart's investigation, the formula is < = T . R r",. ^ which, in the 

case of small wire is nearly t = . — ; — 

X jp T- r 

These, however, are general formulo which require modification, according to the varying 
ciroumstances cf each case, before they can be applied to practice. 

Experiments on cylinders prepared according to the first formula were conducted as follows. 
A number of brass cylinders were prepared of exactly the same dimensions, namely : — 

Internal diameter 1 in. 

External „ 1 1% in* 

Thickness of brass A ^* 



These ayliudera w 
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lately tajned and bored, and bad a Qange -^ In. in depth and 1 in, in 



thickneiH, at each end. Etuth end was widened 
which were accurately grouod to fit thera. The total 
eoatent of each cylinder, with the balls in their places, 
was 300 g;raina of the beat aportinc-powder. TVbeii 
the powder was put into the cylinder, and the balls 
were placed at each end, the whole was bound together 
by a very atrong wiought-iioD strap, similar to the sttap 
of a connecting-Tod, with a jib and ootter. The cotter 
waa driven tightly home, and the powder waa then flred 
through a amall toDCh-hole left in the Bide-aeating, 
Fig. 398. 

The flist eiperimenta were to ascertain the effect of 
the powder on the oylindera, without any wire. Thej 
were oommencod with ohargea of powder, beginning fit 50 groins, and incretuiog until the cylinder 
bunt. 

The results were as fellows - — 




NO.0I 


Ho. of 


o™.u«. 


S 


»» 




1 

2 

3 
4 

5 
I 




^^ 


„ external diain.l A. 












70 

80 












6 

7 


Two coils of wire, ^ ir 


e end'loDse 


90 
100 
70 

100 

no 
120 
100 
100 
120 

ISO 

120 

130 
140 
150 
160 
170 
180 
200 


No effect. 

Bulged at loose end. 
Bulged to lU. 
No effect. " 


9 


SixooUior^wire 


a 

12 


/Same cyliu<ier, with 


me wilofl 


„ one end of wire came looae. 
(Buret, the end of the wire being badly 
[ fastened ; wire uuDJured. 
^No effect 


13 
11 
15 
16 


Two ooils of ^ wire 

FonrooilBof'^wiii .'.' '.'. '.'. 


18 


■• 


'. 

































Tbe strength of the wire used in these experiments was ascertained, by trial, to be as resisting 
A dee4 tension : — 

^ . . 23 lbs. i^ 120,000 lbs. the aq. in. 
t^.. 701ba.= 92,000 lbs. the sq. in. 
If now the exp«iisive force of the powder is taken to be invereelj as the volume, its ultimate 
•trength may be approximately atrived at fnuu the last experiment. The powder then could not 
burst the cylinder. Now the atrength of the cylinder, supposing all the materiel to be equally 
■tr^edi, conld not exceed the following to the liuetd inch of cylinder :— 
Wire . 



Braaa . 



21,05G lbg.,or9 4toDfl. 

As the interoal diameter waa exactly 1 in.. It shows that the ultimate force of the material In 
Experiment 23 did not exceed 4 tons tbe sq. in. Assuming the law aa above, tbe ultimate 
pressure, suppoaing the cylinder to have been full, oonld not exceed 9'4 x ^^. or 13 tons 

The enormimi strain to which theee cylinders were snbjeeted is evinced by the effects npon 
tbe gun-metal balls, which were more or less cut away by the gases where they touched the 
cylinders. 

A subsequent experiment was conducted in the following manner: — 

A brass cylinder, Pig. 399, was constructed of nearly the same internal dimensions as a 3-ponnd 

mountain-gun^ about 3 in. diameter and 36 in. long. The thickness of the brass was ^ ill. ; at 

s covered with six ooilsof steel wire, square in section, and of No. 16 wira- 



in-gun, aboi 
sob end it w 
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gauge 31 -J^ of an inch. These coils extended ahout 15 in. along the cylinder, and were reduced 
towards the muzzle to two ooiLs. Consequently, the thickness of the cylinder was, 

At the breech ^in. brass + |-in. iron = { in. 
„ muzzle {-in. brass + |-in. iron = ) in. 

The thicknftflfl of the S-pounder gun, with which it may be compared, being, 

At the breech 2 '37 in. 

muzzle 0*75 in. 

This cylinder was not mounted as a gun ; it had no trunnions ; it was cleated with wood ; and 
the object of a deep steel ring, which was screwed on the muzzle, was simply to cover the ends of 
the cleating. This deating had nothing to do with the principle involved, and was only used to 
screen the construction from general observation. 

S99. 




This cylinder was proved with repeated charges, varying from 4 lb. of powder and one round 
shot, to 1) lb. of powder and two shots. The cylinder was simply laid on the ground, with a slight 
elevation, its breech abutting against a massive stone wall, so as to prevent recoil. It stood the 
proof witnout injury. Another Uial was made with this gun, before the Committee of Ordnance^ 
in the following manner: — 

The gun was clamped on a block of oak with iron damns, and allowed to recoil on a wooden 
platform. Two rounds were fired ; first with a charge of 1 Id. of powder, one shot, fixed to wood 
Dottom, and one wood over the shot ; the recoil was 7 ft. ; the gun was found to have slightly 
shifted its position on the block ; a trifling expansion of the wire h^l also taken place at the breech. 
At the second round the gun was fired with 2 lbs. of powder, one shot, and one wad, and burst ; the 
separation took place about 2 in. in front of the base-ring; the breech was completely separated 
from the rest of the gun, and was blown 90 yds. directly to the rear. The wire was unravelled 
to the length of S or 4 ft., and the brass cylinder burst in a peculiar manner, turning its ends 
upwards and outwards. It also opened slightly at the centre of the gun , but the wire did not 
givd wav at that point. The ordinary proof-chc^ge for a gun of this diameter would be l^-lb. 
shot and one wad. 

In order to try more particularly the effect of the wire in giving strength to the cylinder, this 
gun was, after bursting, sawn in two at the centre, and one end of each portion was plugged with 
a brass plug, which was secured in its place by iron bands and several coils of wire : these guns 
were then secured to slides of wood, as in the former instance; they were placed opposite the 
proof-butt, and that made from the breech end was loaded with ^ lb. powder, and shot. It burst ; 
the breech being blown out, and the wire uncoiling to a considerable extent. 

The muzzle portion was then loaded with a similar charge. It did not burst ; but was much 
shaken by the discharge, and portions of the iron bands gave way. It was then loaded with 1 lb. 
of powder and one shot, which, on discharge, burst in two places, the breech being completely 
separated from the gun, and the slide on wluch it had been fired was rent into several pieces. 

The bursting of this cylinder was not due to its construction, but to the manner in which it was 
mounted, shown in Figs. 400, 401. 

400. 




401 




Experiments were afterwards made with a piece of the broken cylinder about 2 ft. in length* 
stripped of all the wiit', witli the exception of two coils. It was then a brass tube 2 it. long and 
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t to. thick, with two (ciU of SQuare steel wire, each ^ in. thick, makinR tngethsr i in. bmaa and 
^ in. wire. In (he middle of this was placed 1} lb. of GoTemment cannoii'powdei, and the eods 
were Sited with cloHelv-flttinff ifood plugs, Sied ti^htl; with iron wedges, A trench 3 ft. deep 
wa« then dag in stiff alay, and the cylinder laid at thehotlom. At eech end a railway sleeper naa 
driTen firmly into the clay : the trench woe then filled in, and the cUy well pounded with a heavy 
beater. The powder was then flred by means of a patent fuse. The whale of this errengement ia 
shown in Pi(;. 402. The wooden plugs and sleepers were thii>wn out with great violence, and a 
large masa of clay blown oat at each end, bat the cylinder remained uninjui«d. 




It was, after this, cliargnl with 2 lbs. of powder, the ends filled with cloeely-fltting iron phigs, 
and the whole bound together, Fig. 103, by an iroo strap of a aectional area of 5 sq. in. The 
powder was then ignited, and the iron strap torn asunder, bat the cylinder remained intact, except 
at the ends, where, from the wire being imperfectly Wened, it ancoiled, and the cylinder waa 
torn open. Taking the tensile force of the iron strap at 18 tons the sqaore inch, the force of the 
powder must have been above 13 tons the square inch: yet this was resisted by t in. of brass and 
jio. of steel wire. 

The diametral strain most have been 39 tons : and, taking the brass nt 10 tons the square inch, 
it leave* 34 tons for the steel wire, which, divided over the two side«, or 1 in^ would give for the 
ultimate resisting strength of the wire not leas than 

136 Ions the square inch of section. The wire used waa 4M 

of the Bnest quality. '^■Kl^ 

Further elperi men ts were now instituted: firstly to f ^ 3 — ^ 

try the effect of wire in enabling hard cast iron to re j 

sist a bursting strain; secondly, with a view of esoer | 

taining whether it was possible to tranimit the force of 
the powder through a thin breech of cnst iron to a 
yielding substance placed between that breech and the 
carriage of the gun. 

Two seta of cylinders were prepared; the first set 

arranged aa shown in Fig. 404, where A ts the powder 



chamber: BB, ^sat-iron plugs; C, the space between 



tbe bottom of the powder and the plug B, filled up 
The object 




with a soft material ; D, a wrought-ir 
and cotter for keying up the ]>Iugs £ 

was to BsPertalu whether the diaphragm nt RE would he shattered by the force of the eiplos'.—. 
Sii cylinders were thus prepared, and charged with from 50 to 250 grains of Oovemment cannon- 
powder, the total contents of the cylinder being 310 grains. 
The following were the results : — 



I 



MmUrlal bcblnd Ihc tHaptangiH' 



; Burst 

No effect . . . 
Top flange burst . 
No effect 



I No effect 
Burnt . . . 
No eft'cot 
Flange burnt. 



Gutta-percha. 
' Gutta-percha softened by heal. 



; its breaking strain was GO lbs. 
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cylinder No. 8, when the (onitta-percha was softened by the beat of the first explosion. The lead 



transmitted the force perfectly in every case ; showing that there is no prac- 
tical difficulty in transmitting the force throngh even so thin a diaphragm 
as -^L, of an inch, even when of so brittle a material as cast iron. 

The second set of cylinders, Fig. 405, each contained 305 grains when 
full to the plug. The plugs fitted accurately, and the powder was fired 
through a small touch-hole, the size of a pin, with the following results :— 



40B. 




No. of 
Cylinder. 



Wire. 



CbArge. 



ResalU. 



Remarks. 







I 



None 
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It 


J» 


»» 


4 


Four oolls 


10 


Tencoiis 



gratn.s. 

40 

50 

60 

70 

80 

130 

150 

200 

220 

240 

250 

260 

270 

280 

290 

200 

220 

230 

240 

200 

250 

310 



No effect 



n 



»» 



Burst. 
No effect. 
Flange bunt. 
No effect . . 



It 

tt 
It 



A wrought-iron flange 
\ in. deep, contrtMSted 
on flange. 



No effect. 
No effect. 



Hoop on flange siiifted. 

Flange cracked. 
Flange cracked. 



7-76 



13 76 

13-76 

7 76 



In these experiments the same wire as in the last was used. Its breaking strain was 601bB. ; 
consequently, the actual strength of the material in the cylinder to the lineal inch was :— 

Tons. Toni. 
No. 0. Cast iron 010 x 2 x ions .. .. = 1'76 1*76 

Nil. 

Cast iron, as above = 1 ■ 76 

" ^-^ Wire4 y 28 X 2 X r^ .. .. = 6 00 

ZZ40 

I Cast iron, as above = 1*76 

" '^- \ Wire 8 X 28 X 2 X -^ .. .. = 12 10 

„ 5. Same as No. 7 = 

r *• >t t« * ^^ 

{Cast iron = 1-76 
Wirel0x28x2x sst;: .. .. = 1500 
2240 ifl.yg 

The enormous force of the expansive gases in these experiments was shown by their action on 
the plugs, which, although accurately fitted and of hard iron, were chiselled and grooved out in an 
extraordinary manner ; the rents, too, were rapidly enlarged. The results obtained as regards 
strength were so conclusive, that Longridge proceeded to construct a small gun, represented in 
Fig. 406. This gun was 2*96 in. In bore, and 36 in. long in the clear; it had on it twelve coils 
of No. 16 W. G. iron wire at the breech, decreasing to four coils at the muzzle. The thickness of 
cast iron was \^ in. at the breeoh and ^ in. at the muzzle. The gun was cast hollow, and a recess 
left in the thick part of the breech, in which an india-rubber washer, } in. thick, was placed. 
The trunnions formed no part of the gun, but consisted of a strap passing round the breech, with 
two side-rods extending about one-third the length of the gun, and terminating in the trunnions 
themselves. Thus the whole force of the recoil was transmitted through the heavy mass at the 
breech, then through the caoutchouc, and along the side-rods to the trunnions. The whole was 
motmted on a wood carriage on four roller-wheels, about 8 in. in diameter. The weight of the 
gun and wrought-iron trunnion-strap was 3 cwt., and the carriage 2cwt. Oqr. 15 lbs., making n total 
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of 5 cwt. Oqr. 15 lbs. The shot were cast as nearly the size of the bore as possible, so as to move 
freely, but with very little windage. The spherical shot weighed 3| lbs., and the conical shot 



406. 







— - — ^- -v^j- 



c 







from 6 to 7} lbs. The following Table exhibits the results of the trial of this gun with 70° eleva- 
tion, Government cannon-powder being used. 



No. 



Description of 



nripaoi 
Shot 



Wdght. 



9 
4 
5 
6 
8 
7 
10 
11 



Round .. 
Elongated 



It 



lbs. 

It 

6 

7i 

7 

7 

6J 

6* 



? 
7 
7 
7 
7 
7 
7 
7 



Charge of 
Powder. 



OS. 

11 
11 
8 
11 
11 
16 
16 
16 



Range to First Graze. 



jrds. 

1400 

1200 

1220 

1542 

Lost beyond 1500 

„ 1800 

1500 

Lost beyond 1800 



The variations in range were due, partly, to not having very exact means of adjusting the 
elevations, and partly to differences in the form of the shot. The trials just described were, 
moreover, only intended as preliminary, it being intended to carry out a more complete series at 
another time. Unfortunatelv, this intention was frustrated by an accident which destroyed the 
g^un. Longridge had an idea that it might be possible to obtain more accuracy of flight by 
using shot somewhat on the principle of an arrow, Fig. 407, with a long, light shaft, and heavy 
head. The head was of cast Iron, and weighed about 8£lbs. ; 
the shaft was of fir, fitted tightly into tho iron head. When ^^' 

fired by mistake with a heavy charge of powder, the wood ^j||^^ g_^^. _ ^^= ^^g ^..^;g^,,r ^ 
vras driven forward with great force, entering and splitting ^Sj^^^^—E^^^^^oq b^:^^^ 
the iron head. This was wedged so tightly in the chase, ^^F'^^'"^'^^^''*^'''^^' ^^"ir^""^^^^^^^^^ 
that it never left the gun, but tore it asunder about 12 in. 

from the muzzle. The muzzle with the shot in it were thrown forward about 15 yds., and the 
wire was uncoiled, but not broken. This accident was due to the action of the shot, and had 
nothing to do with the principle upon which the gun was constructed. Enough, however, had been 
done to show that, with a gun weighing only 3 cwt., a shot of 7Mbs. could be thrown from 1500 
to 1800 yds., a result, it is believed, not attainable by any 6-pounder in the service. 

We now proceed to describe the guns recently adopted by the French navy. These guns are 
of cast iron, strengthened by steel hoops up to tho trunnions, or even a little further on the chase ; 
they are all rifled and breech-loading. The shot used are of two kinds : — 1. Oblong, or elongated 
hollow shot, containing gunpowder and an arrangement for firing it at the moment of impact; 
2. Cast steel cvlindrical, or cylindrical ogival-h€»ded shot, to be used against iron-clad vessels; 
the former at short, the latter at long distances. Both kinds of shot are provided with two rows 
of projections, fitting in the rifled grooves of the gun, and made of zinc, copper, or bronze. The 
powder-cartridges are made of parchment-paper, while a wad of cork or dry sea-weed is placed 
oetween the powder and the projectile. The calibre of these guns is 0* 16 m.; 19 m.; 0*24 m.; 
' 27 m. The following are toe chief dimensions of each of these guns ;— 

^ified Gun ofO'lQm, Calibre. 

Total length 8*385 m. 

Diameter at the breech 0*634 m. 

Diameter of bore 0-1647 m. 

Weight of gun 5000 kilos. 

The bore is made with three parabolic grooves, the inclination of which varies from QP at the 
beginning to 6° at the mouth of the gun. With a cHarge of 5 kilos, of powder, and elongated 
projectile weighing 31*5 kilos., and a wad 0*16 m. in length, the range of this gun was as 
foUiows :— 

050 metres, at an angle of 2° 
3500 „ „ „ 10^ 

7250 „ ,, ,, oO 
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At this last distance the lateral deviation is 16 mHres, and the longitudinal deviation, on an 
average, 44 metres. With a charge of 7*5 kilos., and a steel cylindriccd, or cylindrical ogival- 
headed shot weighing 45 kilos., the range of the ogival-headed projectile at 4° was about 1700 
metres ; the correctness and length of range were about the same as when the elongated shot and 
a charge of 5 kilos, were used. The last-mentioned steel shot must not be fir^ at iron-clad 
vessels at a greater distance than 600 metres ; but at a distance of 300 mi^tres this steel shot per- 
forates iron plates of 15 centimetres thickness. 

Eifled Gun of 19 m. Calibre, 

Total length 3*800 m. 

Diameter at the breech 0*772 m. 

Diameter of bore 0194 m. 

Weight of gun 8000 kilos. 

The bore is made with five parabolic grooves, the inclination of which varies from 0^ at the 
beginning to 6° at the mouth of the gun. With a charge of 8 kilos., a cast-iron projectile weighing 
52 kilos., and a wadding of sea-weM 190 millimetres long, between the powder and shot, the 
range of this gun was : — 

900 metres, at an angle of 2° 
3300 „ „ „ 10° 

7000 „ „ „ 35° 

At this last distance the lateral deviation is about 14 metres, and the average longitudinal 
deviation about 42 metres. With a charge of 12*5 kilos., and a cylindrical, or cyUndrical ogival- 
headed projectile weighing 75 kilos., the range of this gun is, under the same angle of inclination, 
nearly the same for a distance of from 800 to 1000 metres. The cylindrical projectile is, how- 
ever, only intended to be fired to a distance of ^00 metres. The Bolid steel projectiles are 
formidable weapons against iron-dad vessels covered with armour-plates of 15 centim^es, at 
distances varying from 300 metres for the cylindrical and 800 metres for the cylindrical ogival- 
headed shot. 

Sifted. Oun o/ ' 24 m. Calibre, 

Total length 4*560 m. 

Diameter of the breech 0*980 m. 

Diameter of the bore 0*240m. 

Weight of the gun * 14,000 kilos. 

The bore is made with five parabolic grooves, the inclination of which varies from 0° to 6°. 
With a charge of 16 kilos, this gun throws an elongated shot, weighing on an average 100 kilos., 
as follows : — 

1000 metres, at an angle of 2° 

3600 „ „ „ 10^ 

7800 „ „ „ 35 

With a charge of 20 kilos, this gun projects a steel cylindrical ogival-headed shot weighing 
144 kilos. At an angle of 3° the range is 1120 metres with the ogival-headed and 1020 metres 
with the cylindrical shot. This gun has the greatest effect within 1000 metres, at which distance 
a few shots fired from it would destroy the heaviest and strongest walls in existence. 

A cylindrical projectile, weighing 144 kilos., fired against a shield constructed of 80 oenti- 
mHres of wood and armour-plate of 15 centimetres, not only perforated that shield, but also 
carried with it 140 to 150 kilos, of the iron plate and about a cubic metre of wood. 

Stfted Gun o/ 0*27 m. CalOfre. 
This gun is of the same construction ns the three last mentioned, — vtjr. a cast-iron breech> 
loading gun strengthened by steel hoops. Its dimensions are : — 

Total length 4*660 m. 

Diameter at the breech l'133m. 

Diameter of the bore 0*275 m. 

Weight of gun 22,000 kilos. 

With a charge of 24 kilos, it throws an elongated projectile weighing 144 kilos. ; with a charge 
of 30 kUos. it tluowB a solid steel cylindrical, or cylinorical ogival-headed shot weighing 216 kilos. 

Two cannons of 42 centimetres calibre were lately cast at Ruelle. The material of which they 
were composed was cast iron strengthened by steel hoops. These guns weigh each 37,000 kilos.; 
the diameter of the bore is * 424 m. The extreme external diameter is 1 ' 360 m. ; diameter at the 
breech, 1 *300 m. ; diameter at the end of the hooped part, 1 050 m. This gun will throw :— 

1. A solid spherical shot 0*42 m. diameter, and weighing 300 kilos., with a powder-charge of 
50kUos. 

2. A hollow spherical projectOe, weighing 210 kilos., containing 9 kUos. of gunpowder, with a 
charge of 33 kilos. 

The Fraser gun is made according to Armstrong's system, with bar-iron wound round a solid 
mandril. This description of gun is made of three different calibres,~9 in., 0*228 m.; 8 in., 
0*203 m.; 7 in., 177 m. Hie wrought bar-iron used is submitted to a strain of 21 to 23 tons 
the square inch ; if it does not stand this test, its strength is insufficient ; if it is stronger, it 
becomes too unmanageable. The bars are welded together, after testing, in lengths varying from 
50 to 200 ft. = 15 m. to 60 m. These long bars are then placed in a reverberatory furnace, 
through which they are dragged, as they be^me sufficiently hot, to be rolled on a mandril ; they 
are then submitted to the blows of a steam-hammer. 



Fig. 40B repreMQla the 24-«entimMre gaa on its carria^. 

Fig. 409 the 21-ceiitiiiiHre gun in course of oonslructioD and jiartly hooped. 

Fig. 410, hoop with trunniona. 

Fig. 411, breech wrew and plug for gan of 24 centimetrea calibre. 




n Cail-ieon Gum, — Although tile Cuite<l States' OoTeminent baa made little progress 
in the adaptation of wrought iruD and steel to canflon-inakiDg, it lias ocrlninly attained io a 
remarkable degree of perfei^tion in tlia figure, material, and fabricatiun of its cast-iron guiu. 
While conatmctcra in Europe have carefullr preserTed the traditional shapes and ornamentation 
of Bsrl; times, ahnpeii that once had b aigniflcance, but are now only sourcoa of weakness, the aim 
in America has been to axcertain the exact amount and locality of itrain, and to proportion the 
parts with this reference, to the entire abandonment of whatever is merely faocinil end tradi- 






strength at the point of 



artbftt of the United 



Stated anny 8-In. columbiad. Fig. 
412. 

Bodman's pmeen of eaettng gnns 
hollow and cooling them from with- 
in, for the purpose of modifying the 
initial strains, when added to the 
advantages of good proportion and 
strong material, produces nearly or 
quite the best result attainable 
with simple cast iron. But the 
tension of tbia material at its 
elastic limit is so low, that it will 
not alone endure the preasure ne- 
cessary to ^ive the lugbest velo- 
cities to the heavy projectiles 
demanded by iron-clad warfare. 

Conaidering, however, (he Eailnre 
o[ such a lara:e proportion of the 
heavy wronght-iron gnns, both , 
built-up and solid, and the pre- I 
sent BCaroity and enormous cost of 
steel masses of the proper quality, 
it is by no menus certain that tlie 
cast-iroQ barrel lined with steel, 

or, as BO largely and successfully used in America, France, and Spain, strengthened by hoops, ll 
not the best temporal? resort. 

Hollow casting, the DHwt obvious means of improvement, is not deemed important foriiearj 
ordnance alone. The 4 2-in. rifled United States' siege-gun. Fig. 413, ia cast hollow and cooled 
from within. Indeed, the advantages of the process can be better realized in the S or 10 in 
barrel cast for hooping, thau in the 15-in. oolumbiad. 

All United States' army gun* down to 4 2-in. bore are hoUow-cest. The 20-in., IS-in., and 
13-in. uavy gtma have been oast hollow. Fig. 414 shows the 15-in., and Fig. 415 the 13-in. 
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Tlie folloTuig abstract of official rcporlB will eipi&m the condnct and teealia of- the bolbnr- 

Mgting process. 

Od Ills 4tli of Aiigast, 184!), two S-in. colnmbiadB were r&at at tlie Fi»t Pitt Works, from tbe 
nnje iron. No. 1 woe cast solid, in tbe ububI mnnner ; No. 2 was enat on a lioliow core, through 
which a Htream of wcitpr passed wiii!e tbo metnl was cooling. The iron for bolh costings nas 
melted attbo same time in two aii-furnaceB, each containing 14,000 lbs. After m tiling, tbe liquid 
iron remained in the famacea. exposed to a bieh lirat, for one hour ; it was tben ilisi'liHrged Into 
a common Kservoir. wlienre it iesned in a single etnsm, whicb, after proceeding a few feet; tepa-' 
rated into two branches, one leading to eikch mould. 






Ths solid cnsting was cooled as usual in an open pit. Tbe hollow casting was cooled in the 
interior by passing a stream of water through the core fur a period of 40 hours, wben ttie core waa 
withdrawn ; arti'r which Uia water passed thmugli the interior cavity formed by tbe core, for 20 
hours. I'be avemgs quantity of water passed llirough during the wliolo period was 166 cubic fL . 
s minute, or 100 ft an hour; making in all COOOcubic ft., weighing 187 tons. The tcmpemtara 
of tlie water was increased 20' during the Itlliour; 13" during tbe 20th hour; 6° during the40tb 
hour ; and 8° during tlie GOth and last hour. The weight of the water passed through was Sl> 
times tbe weight of llie casting; and the heat imparted by the casting to tlie wat^r, and carried 
off by the latter, was equal to ID' on the whole quantity of water used. The mould for this casting 
was placed in a corered pit, which bad previously been heated to about 400°; and tliis lieat wa« 
kept up ns ti>n^ as the stream of water was supplied. Both columbiada were completed and 
inspncteJ tieptember 6th, and were found to be accurate and uniform in their dimeiuion« and 

The charges used in testing the guns were as follows : — 

Prwif Charyts.—Ut Are, 12 11». powder, 1 ball, and I wad ; 2nd Are, 15 lbs. powder, 1 shell, and 
1 sabot. 

Sercice Charges. — 10 lbs. powder, 1 ball, and 1 sabot: mean weight ol balls used, 63j lbs.; 
mean weight of ahellH used, 49lba, ; mean proof range oF powder used, 298 yds. 

The guns were fired alteniately. up to tbo BStb round, at which columbiad No. 1, cast solid, 
burst. Then the proof proceeded with No, 2, which burst at tbe 25Ist round, having endured 
nearly three times as much service aa tbo other. 

In 18.^1. two more 8-in, columbiada were cast at the same foundry, and under similar circum- 
stances ; the one was cast solid, and the other hoUow. Tbe iron for both remained in fusion 2} 
hours, exposed to a higb heat. 

The core fbr the hollow gun was formed upon a water-tight cast-iron tube closed at the lower 
end. The water descended to the luttom of this tube by b central tube open at the lower end, 
and ascended through the annular apace between the tubes. The water passed through the 



of 21 cubio ft. a-minnlo, or IM ft. an hour. At 2S hours after casting, the core 
was withdrawu, and tbo water thereafter circulHtcd through the interior cavity formed by the 
core, at the same rate for 40 hours; making (iS hours in all. Tho whole quantity ot water passed 
through tlie casting was nearly 10.000 cubic fl., weighing about 300 tons, or about 50 times the 
weight of the casting. The beat imparted by the casting to tbe water, and carried ofl by tbe 
latter, was equal to i>^ on the whole quantity of water used. 

A flre was kindled in the bottom of the pit directly after casting, and was continued CO hours. 
The pit was covered, and the iron case containing the gun-mould was kept at aa high a tem- 
perature as it would safely bear, being nearly to a red beat, all tbe time. 

In tho same ) ear, two other 10-in. columbiada were cast, ot the same iron, the one solid, and 
the other hollow. Both moulds were placed in the same pit, and all tho space in tbe pit outside 
of the moulds was filled with moulding-sand, and rammed. This was done because tbe iron 
cases of tbe moulds were not large enough to admit tbe usual thickness of clay in the walls of 
the mould. It was apprehended that the heat of the great mass of iron within would penetrate 
through tho thin mould, and heat the iron cases eo much as to cause them to yield and let the iron 
run out of the mould. The estemal oooling of the 10-in. hollow gun, by the contact of tbe Bosk 
with green sand, was therefore much more mpid than that of the S-in. hollow gun. 

Water was passed through the core at the rate of about 4 cub, ft. a-minute, or 240 fl. an hour, 
for 94 hours; smountiog in all to 22,560 ft., weighing about 700 tons, or 70 times the weight of the 
casting. The mean clevatiOQ ot tbe temperature of all the water passed tlirough the core in 94 
boars, was about tlj°. At thoendof this period an attempt was made to withdraw the core from the 
caslitig, which proved unsuccessfnl. The contraction of the iron around it held it so firmly, that 
the upper part of it broke oS, leaving the remainder imbedded in tbe costing. The stream of 
water was then diminished to about 2 ft. a-minute. which oontinueil to circulate through the oore 
for 48 hours. The supply of water allotted to and circulated through both the 8-in, and lO-in. 
guns was equal, in weight, to the weight of each casting, in about 1 hour and 20 minutes. 

When proving theee guns. 80 rounds a-day were easily made with 7 men in 5 hours, from the 
8-in. gun, and with 9 men. GO lounds were made in (he same time from the 10-in. gun. 15 rounds 
were sometimes made from the S-in. gun in SO minutes. The two guns making the pair to be 
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oompared nere fireii altematelj', one diwhArge frnm tarh, in regular bi 

burst, when the flrJDg of the Bmriroi nan coutinued by tUelf. The powder of the csrtridgea of 

each pair was of the eame proof range, and taken from the same cask. 

Proof Chirgea. — 8-iii., J»t round, 12 lbs. povdcr, one ball and sabot, and 1 wad; S-in., 2nd round, 
15 Iba. powder, 1 shell with iabot; 10-in., 1st round, 2D Ibe. powder, 1 ball and sabot, and 1 wad; 
10-iu., 2nd round, 'H lbs. powder, 1 shell with sabot. 

SersiV-v Chargei.—%-m., 10 lbs. powder, 1 ball with sabot; lO-Jn., IB lbs. powder, 1 ball with 
Babot. Weight of 8-in. balls, 63} lbs. ; ofshelLi,4S} lbs.: weight of lU-in. bolls, 124 lbs.; ofahella, 
91 lbs. 

Th 
gun, J 




cast solid with those cast hollow, it will be seen that, ir 
least in those cant hollow. 

The less endurance of the lO-in. hollow gnn than that of the B-in. hollow one, is ac<»unted 
for by the fact that the lO-in. gun had no Sre on tlie exterior of the flask while cooling, it havinfr 
been rammed up in the pit, where it was suppOBed,Bt the time of casting, the heat of the gun would 
have been retained b; the sand until the ioterior should have been cooled b; the circulation of 
water through the core-barrel. This supposition was found to be ermneoos on digging out the 
sand, as its temperature was found to be much lower than hod been expected. 

One of the 15-in, Aiaerican naval guns was fired 900 times at elevations from to S°. The 
charge commeaced at 35 lbs. It was then increased to 50 lbs. With 60 lbs., 220 rounds were 
fired. The gun at length burst with 70 lbs. The shot in all cases was 410 lbs. After the first 
300 rounds, the chamber, Fig. 414, was bored out to a nearly parabolic form, and the chase was 
turned down 3 in., so as to fit the port designed for the 13-in. gnn. 

Coltimbiadi. — The colnmbiads. Figs. 418, 417, are a species of sea-ooot 
certain qualitieaof the gtin, howitzer, and mortar; in other words, they ai 
capable of projecting solid 
shot and shells, with heavT 
charges of powder, at high 
angles of elevation, and are 
therefore equally auilfd 
to the defence of narrow 
channels and distant road- 

The oolumbiad was in- 
vented by Bumford, and 
used in the war of 1812 
for firint; solid shot. In 1844 the model was 
changed, by lengthening the bore and in- 
creasing the weight of metal, to enable it to 
endure the increased charge of powder, or 
^th of the weight of the solid shot. Six 
years after this, it was discovered that Ibe 
pieces thus altered did not always possess 
the requisite strength. In 18S8 they were degraded ta the rank of shell guns, to be fired with 
diminished charges of powder, and their places supplied with pieces of improved model 

The changes luado iu forming the new model, eonmated in giving greater thickness of metal 
in the prolongation of the axis of the bore, which was done by diniiniahing the length of the bore 
itwlf; in substituting a hemispherical bottom to the bore and removing the cylindrical chamber ; 
in removing the swell of the mnizle and base ring ; and in rounding off the comer of the breech. 
The present model, as illustrated, was propoaed by Rodman, in 18(10. 

In addition to the heavy ordnance before mentioned, the Navy Department has imrodueed a 
superior gun of 10-in. calibre, called a 125-poDnder. The exterior dimensions are nearly the same as 
those of the 11-in. gun, eicept that the maximum diameter of the reinforce is oontinned farther 
forward, 3 calibres. The first of these guns was cast solid, and endured 47 lbs. of powder 
and 125-lb. balls for some hundred rounds. The now 10-in. un is caat hollow; charge, 40 lbs.; 
shot, 125 lbs. 

The chambers of tlie Navy 13 and 15 in. guns, as shown in Fi^'s. 414, 413, have recently ooen 
changed to a shape nearly parabolic. 

The Navy Department has four 12-in. riflea. cast hollow, of about the eitenor dimensions of the 
15-in. gun. It u believed that they will have satiafactor; endurance vith 50-tb. charges and 
UOO-lb. bolts. 
■ Twenty-incli guns for the army and navy have recently been east at Pittsburg. The following 
are the particulars of the metal and the fabrication of the first 20-in. army gun :— 

The iron was high No. 2, worm blast, 200' hematite, from Blair county, Pennsylvania. The 
smelted pigs were remelted and cast into piga, which were again melted in three air-fumaoea. The 
weight of iron was 172,000 IIh. ; the time of melting, 7i hours ; the time of casting, 23 minntes. 
Water, nm through the core at the rale of 80 gallons a-miniite, during the flrat hour was heated 
frranW to 92°; daring Uie second hour, at the rate of 60 gollonH a-minute, water emerged at 61°, 
From the 15th to the 20th hour after casting, the water was heated 21 S". After the 2(!th 
boor the onre-banel was removed, and air was forced into the bore at the rale of 2000 cnfaio feet 
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R-minnte. The metal was oonsidcrcil too high to be cooled by the direct contact of water. At the 
50th hour after casting, the air emerging from the gun was 130 seconds in rising, 60° to 212^. The 
gun was cast on the 11th of Feb- 
ruary, 1864. On the 17th, the dif- r" 
ference in the temperature of the 
entering and emerging air was 100^ ; 
on the zOth it was 33°. Air circu- 
lated through the bore till the 24th. 

The mould, 5 to 6 in. in thick- 
ness, was made in a two-part iron 
flask, 1^ in. thick. On the 23rd the 
upper part of the mould was removed ; on the 24th the lower part was removed ; on the 25th the 
gun was removed from the pit. 

The density of the metal taken from the casting was 7-3028. The tenacity was 28,737 lbs. per 
square in. 

Fig. 418 shows a section of the ll-in. Dahlgrengun used in the United States' navy. 

Partictlars a»d Ghaboes op U. S. Hollow-Cast Iron Army ORDyANCE. 

The Heavy Guns have no Preponderance, 




Name of Qun. 



Length. 



Length 
of bore. 



Max. 
diam. 



Weight. 



Service charga 



Smooth-bores. 
20-in. oolumbiad . . 



15-in. 
IS-in. 



11 



i» 



lO-in. „ of 1860 



8-in. 



»> 



»» 



Si/Us, 

4i-in. siege-gun of 
i860 .. .. 



) 

eld-gun of^ 



3-in. field-gun of 
1861 



in. 
243*5 

190 

177-6 

186 66 
123-5 

133 



in. 
210 

165 

155-94 

105-5 
110 

120 



72-65 65 



in. 


lbs. 


64 


115,200 


48 


49,100 


41 '6 


82,731 


82- 


15,059 


25-6 


8.465 


16 


8,450 


9-7 


830 




* 



lb«. 

100 

50 

'6 grain 

30 No. 5 



} 



15 for Bhell\ 
18 for shot / 
10 



8J 
1 



Banitlng 

charge 

Shell. 


Weieht 
of Shut 


Weight 

of 
Shell 


lbs. 


Iba. 


lbs. 


• • 


1000 


• • 


17 

7 


/440\ 
1425 
/800\ 
\ 2S0 / 


330 
224 


8 


127J 


100 


1* 


68 


48 


• • 


30 


30 


• « 


10 


10 



Remarks. 



(Weight of shell not 
\ determined. 

Cored shot. 



i Twist uniform. Itum 
in 15 ft. Prepon- 
derance 300 lbs. 
! Twist uniform. Itum 
in 10 ft. Prepon- 
derance 40 lbs. 



Particulars and Ghargbs of U. S. Gabt-Irok Navy Ordnance in Service. 



Name of Qun. 

Smooth-bores, 
20-in. gun 



15-in. 

13-in. 

ll-in. 

10-in. 

9.in. 

125-pdr. (10-in.) 



n 

n 
w 

n 



Rifies, 

Parrott 10-in. ., 
„ 8-in. . . 
„ 100-pdr. \ 
(6 4.in.) ../ 



Tiength 
of bore. 


Max. 

diam. 


Weight. 


V 

Service 
charge. 


Max. 

charge. 


In. 


In. 


lbs. 


IbflL 


lbs. 


163 


64 


100.000 


\ 100 ] 


• • 


130 


48 


42,000 


85 


60 


180 

132 

1194 

107 

117f 


44 7 
32 
29 1 
72-2 
83 25 


86,000 
16.000 
12,000 
9,200 
16,500 


40 
15 

12* 

10 

40 


• • 

20 
16 
13 

• • 


144 
186 


40 
32 


26,500 
16,800 


25 
16 


• • 

1 
• • 1 


130 


25 9 


9,700 


10 


• • 



Weight of 
Shot 



Weight of 
8belL 



lbs. 
1000 

400 

280 
170 
125 
98 
125 



70 to 100 




Bemarka. 



Shell not determined. 

Gored shot, and gun 

cast hollow. 
Cast hollow.^ Cored 

shot 
Cast hollow. 
Lately cast hollow. 
Cast solid. 
Cnst Bolid. 
Oast hollow. 



230 to 250 250 [The Parrott guns are 
132 to 175 152 to 175 J hooped with wmught 



iron, and are lately 
cast hollow. 



Bronze Guns, — ^An alloy of about 90 parts of copper and 10 parts of tin, commonly known fts 
''gun-metal" in Europe, is popularly called '* brass** in America, when used for cannon, and 
named ** bronze" by recent American writen. A strong cast iron is also known in America as 
** gun-metal." 

The '* work done" in stretching to the elastic limit and to the point of firacture, is less for ordi- 
nary bronze than for wrought iron of maximum ductility, and for low steel. This defect, added 
to the costliness of bronze, to the various embarrassments experienced in the casting of large 
masses, to its softness, and consequently mpld wear and compression, and to its injury by heat; has 
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not warranted its employment for large calibres and high charges. The increase of oost, with 
increase of weight, woilld prolmbly be greater for bronze than for cast iron, and much greater jthan 
for steel or wrought iron, because bronze must be cast under great pressure, to be sound and tena- 
cious. So that, were it the proper metal in other particulars, an unnecessarily large and actually 
immense non-paying capital would be tied up in a national bronze armament. The high value of 
the old material would not offset this cost to the extent that it does in railway matters, for obvious 
reasons. 

The mean ultimate cohesion of gun-metal, according to European authorities and the experi- 
ments of the United States' Gtovemment, is about 33,000 lbs. per sq. in. Mallet states it from 
32,334 lbs. to 43,536 lbs. Major Wade states it from 17,698 lbs. to 56,786 lbs. 

Benton says, that *' the density and tenacity of bronze, when cast into the form of cannon, are 
found to depend upon the pressure and mode of cooling. This is exhibited by the means of 
observations made on five guns cast at the Chicopee Foundry, namely : — 



Breech square. 



8 765 



Dkksity. 



6un-he«d. Finished gun. 



8-444 



Temagitt roL Square Inch 



Breech square. 



8 740 



46.509 



Gun-head. 



27,415 



The guns were cast in a vertical position, with the breech square at the bottom. In conse- 
quence of the difference in the fusibility of tin and copper, the perfection of the alloy depends 
much on the nature of the furnace and the treatment of the melted metal. By these means 
alone, the tenacityof bronze has been carried, at the Washington Navy Yard Foundry, as high 
as 60,000 lbs. 

The fabrication of bronze ordnance appears to be far better understood in Spain, and more 
especially in Turkey, than in America or England. Some bronze guns of 20 tons weight have 
been cast in Spain, but they cannot be rapidly fired. 

According to American and British authorities, the want of uniformity, even in different parts 
of the same gim, is a striking defect. For instance, for light pieces, especially for field-cannon, 
bronze is much used, but there are man}' objections even to this alloy. As the tin is much more 
fusible than the copper, and must be introduced when the latter is in fusion, it is difilcult to seize 
the precise moment when the alloy can be properly formed : part of the tin is frequently burned 
and converted into scoria. 

Major Wade, after calculating the results of experiments on a lot of bronze guns, oast at 
Chicopee, says, ** The most remarkable feature of the above table is the irregular and heteroge- 
neous character of the results which it exhibits in samples taken from different parts of the same 
guns. By an examination of the residts obtained from the heads of all the guns cast, it will 
appear that the density varies from 8 308 to 8 756, a difference equal to 28 lbs. in the cubic foot ; 
and that the tenacity varies from 23,529 to 35,484, a difference in the ratio of 2 to 3. These 
differences' occur in samples taken from the same part of different castings, the gun-head; the 
part which, in iron cannon, gives a correct measure of the quality of the metal in all parts of the 
gun. The materials used in all these castings were of the same quality -. they were melted, cast, 
and cooled in the same manner, and were designed to be similarly treated in all respects. The 
causes why such irregular and unequal results were produced, when the materials used and the 
treatment of them were apparently equal, are yet to be ascertained." 

The authorities generally agree that the tin in bronze guns is gradually melted by the heat of 
successive explosions. If th]^ is the case with field-gims, the heavy charges and projectiles, and 
the quick firing demanded in iron-clad warfare, would soon destroy this material. OoMnel 
Wilford stated, at a meeting of the United Service Institution, that iron mortars were intro- 
duced because holes were burned in the chambers of bronze mortars by the immense heat of 
the powder-gas. Heat also causes the drooping of the parts of a bronze gun that overhang the 
trunnions. 

As to decomposition. Captain Benton says, '' Bronze is but slightly corroded by the action of 
the gases evolved from gunpowder, or by atmospheric causes " but Captain Simpson remarks, 
that the gases produced by the combustion of gunpowder also produce an injurious effect upon 
this kind of piece, by acting chemicallv on the bronze. 

All these defects of bronze for the bore of a gun, irrespective of strength, namely, the melting 
of the tin, the change of figure, the conversion, abrasion, and compression, obviously aggravate 
each other ; and, when taken in connection with rifling and excessive pressures, are conclusive 
evidence as to the unfitness of the material to meet the conditions of greatest effect under consi- 
deration. 

The average ultimate tenacity of bronze is so low — in fact, little above that of the best average 
cast gun-iron — that the loss of strength, due to want of regulated initial tension and compres- 
sion, becomes a very serious defect when (»Jibres are large and pressure high. To remedy it 
by hooping bronze with steel or iron, would not avoid the defective surface of the bore just 
considered. 

The Dutch, however, have lined cast-iron guns with bronze, and Blakely has constructed some 
experimental guns in the same way for another reason : bronze can safely elongate more than cast 
iron, without permanent change of figure . and when it is put in a position where it must be more 
elongated by internal pressuie, the strength of the whole structure is thus brought into servioe — 
the principle of varying elasticity, already considered, is approximately realized. 
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Bronze hoops upon Bteel or iron barreU wonld avoid the defeet of a soft hore, bnt they would 
increase the defect just considered, due to the unequal stretching of the layers of a tube by 
internal pressure. A principal advantage of bronze hoops is, that with the little heat they would 
eet from the powder, they would expand to the same extent, approximately, as the more highly- 
heated iron barrel, thus leducing the danger of bursting by rapid firing. 

Other Alloys. — Phosphorus is known to improve the strength of copper, and to make it cast 
soundly. Abel, chemist to the British War Department, stated before the Institution of Civil 
Engineers, that he had made some experiments upon the combinations of phosphorus with copper, 
and *' had found that by the introduction of a small proportion, say from 2 to 4 per cent., of phos- 
phorus into copper, a metal was produced remarkable for its density and tenacity, and superior in 
every respect to ordinary gun-metal. He believed the average strain borne by gun-metal might 
be represented by 31,000 lbs. upon the square inch ; whilst the material obtained by adding 
phosphorus to copper bore a strain of &om 48,000 to 50,000 lbs. But the increased tenacity was 
not the only beneficial result obtained by this treatment of copper. The material was more 
uniform throughout, which was scarcely ever the case with g^im-metal. The experiments alluded 
to were merely preliminary, and had been, to a certain extent, checked by the improvementswince 
introduced in the constraoiion of field<^^un8, which had led to a discontinuance of the employment 
of gun-metal." 

Muminium has been found to add great strength to copper. The compound formed of these 
two metals is called Aluminium Bronze. John Anderson, superintendent of the Koyal Gun- 
factory, Woolwich, found the tensile strength of an alloy of 90 per cent, of copper and 10 per cent. 
of aluminium was 73,181 lbs. the square in., or twice that of gun-metal, and its resistance to 
crushing 132,146 lbs., that of gun-metal being 120,000 lbs. The aluminium bronze did not 
begin to change its form until the pressure exceeded 20,884 lbs. In transverse strength or 
rigiditv it was also found superior to gun-metal, in the ratio of 44 to 1. Its tenacity and elasticity 
depend on a particular number of meltings : at the first melting aluminium bronze is very brittle, 
a state to which it again returns after fusion. 

The first melting appears to produce an internal mechanical mixture, rather than a chemical 
combination of the metals ; as, in the proportion of 10 of aluminium and 90 of copper, an alloy of a 
very brittle character is produced by the first melting ; but by repeated meltings a more uniform 
combination seems to take place, and a metal is produced f^ee from brittleness, and having 
about the same hardness as iron. The alloy, containing rather less than 10 per cent, of 
alumiDium, is said to possess the most uniform composition and the best degree of hardness; 
but it is not always an easy thing to produce this aesirable uniformity of texture, as patches 
of extreme hardness sometimeB occur, which resist the tools, and are altogether intractable to 
the action of the rollers. 

Aluminium bronze, composed of 9 parts by weight of copper and 1 of aluminium, was foxmd 
by J. Anderson to have a tensile strength of about 43 tons, 96,320 lbs. ; but two other specimens, 
which were not quite sound, had only a mean tensile strength of 22J tons, 50,400 lbs. So that 
the metal is liable to great variations in strength. 

The cost of this alloy would of course prevent its extensive introduction as a oannom-motaL 

Sterro-metal, a recent invention of Baron de Bosthom, of Vienna, is described by a correspondent 
of the ' Times.' The mechanical properties of the alloy were carettdly examined at the Polytechnic 
Institution, Vienna, with the following results : — 

Tensile Stbenoth or Stebbo-Mbtal. 



SterrfhMetal, 

After simple fusion .• 
„ forging red-hot 
„ drawn cold 

Qvn~Metal — BrouMe, 
After simple fusion .. .. 



Tensile Strength, 
in Tons. . 



27 
84 
88 



18 



Reduced to Ponnda. 



60,480 
76.160 
85,120 



40,320 



The same copper, from Boston, U.S., was used in making both the sterro-metal and the gun- 
metal, and for the latter the best English tin was employed. Both alloys were cast under precisely 
similar conditions, and run into the same mould. Similar tests were mado at the Arsenal, Vienna, 
and the results are as follows i — 



Tensile Stbenoth of Stebbo-Mbtal. 



Sterro-Metai, 

After simi>le fusion 

„ forging red-hot 

Drawn cold and reduced f^om 100 \ 

to 77 of transverse sectional area / 



Tensile Streagth, 
In Tont. 



Bedaoed to Pounds. 
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The speoimons of metal operated on in the preceding experiments were analyzed at the Austrian 
mint. The results are as nnder : — 



Copper 
Spelter 
Iron . 
Tin . 



Polytechnic Metal. 



5504 

42*36 

1-77 

0-83 



100-00 



AnenalMetoL 



57-63 

40*22 

1*86 

0-15 



99-86 



Experience has shown that the proportion of spelter may vary from 38 to 42 per cent., without 
materially affecting the Quality of the alloy. The specific grarity of the forged metal is 8 * 37, and 
that of the same metal, arawn cold into wire, 8*40. But sterro-metal possesses another quality, 
which, in reference to its application for guns, is regarded as more important than its high 
tenacity, namely, great elasticity. It is not permanently elongated until stretched beyond ,^ of 
its length. Sterro-metal, it should be stateo, is from 30 to 40 per cent, cheaper than gun-metal. 
Field-guns, from 4 to 12 pounders, have been made of single pieces of metal, worked by the action 
of a hydraulic press, wheroby expense in forging is avoided; but reliable experiments liave demon- 
strated that the metal thus treated has precisely the same properties and the same tensile strength 
as bars of it drawn out under the steam-hammer. 

The following is the offlcipd report of experiments made by John Anderson, upon this metal, 
variously compoimded and treated : — 

Composition of this alloy, as made in the Arsenal at Vienna, is,—- copper, 60 ; zinc, 41 *88 ; iron, 
1-94 ; tm *156. And, as made at the Polytechnic, Vienna, its composition is, — copper, 60; zinc, 
46*18; iron, 1*93; tin, -905. 

Alloys of similar composition to that of the Austrian metal have been prepared in the Royal 
Gun-factories, from which a better result has been obtained than from mixtures of the Austrian 
metals, idso prepared in the Royal Gun-factories. The subjoined Table ^ows the results of the 
experiments with these different specimens. 

This alloy is said to be the invention of Baron de Rosthom, of Vienna. It derives its name 
from a Greek word signifying ^'firm.** It consiBts of copper and spelter, with small portions of 
iron and tin ; and to these latter its peculiar properties are attributed. 

It has a brass-yellow colour, is close in grain, is f^ee fW>m porosity, and has considerable 
hardness, whereby it is well adapted to bearing-metal, or other purposes, where resistance to frio- 
tion is needed. 

The inventor proposes that, in heavy ordnance, the interior should consist of a tube of sterro- 
metal, and, over this, wrought or cast iron should be shrunk, £tom the breech to beyond the 
trunnionB. 

CoKFOBFnoN Aim Stbenoth or Stebbo-Mstal, Woolwich. 



Oompodtion 



Austrian mixture 

R. G. factories' mixture of copper, 60;' 

zinc, 39 ; iron, 3 ; tin, 1 - 5 . . 
B. G. factories* mixture of copper, 60 ;^ 

zinc, 44 ; iron, 4 ; tin, 2 

n n »»•••• 

n n n .. .. 



7» 



I^MtllMDt 



As received 
Cast in sand 



n 



Cast in lion 

Cast in iron and\ 

annealed . . 
Forged red-hot . 



} 



Sfenin at Penna- 
Dent Elongation 
of '002 the ln«h. 



6-75 
Il- 
ls -75 
17-25 
15-25 
17- 



Breaklng 
Weight. 



26-75 
21-5 

19-25 
24-25 
23-25 
28- 



Ultimate 

Elongation 

tbelncb. 



inch. 
•1 . 

•05 

•015 
•016 
•02 
•045 



In a discussion before the Institution of Civil Engineers, Charles Fox said that " he believed 
it would eventually be found that the beet gun could be constructed with some extremely dense 
and homogeneous alloy, cast and used wi&out being drawn under the hammer. If a gun 
was made of an alloy possessing very great density, the detonating force of the powder would be 
resisted by a greater quantity of the metal employed than it could be by making use of one with 
greater elasticity. He thought, therefore, the best guns would be made of iron, mixed with some 
other metals, such as wolfrun and titamum, so as to insure the greatest strength and density. 
Mushet had obtained great density, by mixing with iron a small percentage of wolfram, and great 
strength by the use of titanium. Therefore, he was inclined to believe, that guns cast of the 
densest alloys would have greats effect, in proportion to their thickness, than could be obtained 
by any complicated and expensive mode of construction." 

It is obviously impossible, in the absence of further experiments, to predict either great success 
or failure for the alloys considered, as compared with steeL The field for discovery and improve- 
ment is certainly broad and promising ; but no more so than in the case of steel. Although the 
alloying of copper, especially for cannon, has been practised for more than five hundred years, and 
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should, therefore, be in advance of steel-making, wnich, for the purposes of artilleiy, is the work of 
the last decade, both metals — in fact, all metals — are •undeTeloped, because their chemical rela- 
tions, and especially their elongation, within and beyond the elastic limit, and the corresponding 
pressures, have not been properly investigated. 

While certain alloys, of both iron and copper, have one important feature in common-^homo- 
geneit^, due to fusibility, at practicable temperatures — ^the alloys of iron have this grand advan- 
tage ; iron is everywhere cheap and abundant ; and the other necessary ingredients and fluxes — 
carbon, manganese, zinc, and silicium — are equally abundant, and, in some localities, already 
mixed, which would appear to be, on the whole, advantageous, although the mixtures are not 
found in proper proportions. 

The fitness of metals for cannon depends chiefly on the amount of their elongation within the 
elastic limit, and the amount of pressure required to produce this elongation ; that is to say, upon 
their elasticity. 

It also depends, if the least possible weight is to be combined with the greatest possible pre- 
ventive against explosive bursting, upon the amount of elongation and the corresponding pressure, 
beyond the elastic limit ; that is to say, upon the ductility of the metal. 

Hardness, to resist compression and wear, is the other most important (quality. 

Cast iron has the least ultimate tenacitv, elasticity, and ductility ; but it is harder than bronze 
and wrought iron, and more uniform ana trustworthy than wrought iron, because it is homo- 
geneous. 

The unequal cooling of solid castings leaves them under initial rupturing strains ; but hollow 
casting, and cooling fW>m within, remedies this defect, and other minor defects. 

Wrought iron has the advantage of a consideraDle amount of elasticity, a high degree of 
ductility, and a greater ultimate texiacity, than cast iron ; but, as large masses must be welded up 
firom small pieces, this tenacity cannot lie depended upon : this defect, however, is more in the pro- 
cess of fabrication than in the material, and may be modifled by improved processes. Another 
serious defect of wrought iron is its softness, and consequent yiel^ng, under pressure and friction. 

Low cast steel has the greatest ultimate tenacity and haidness : and, what is more important, 
with an equal degree of ductility, it has the highest elasticity. 

It has the great advantage over wrought iron, of homogeneity, in masses of any size. 

It is, unlike the other metals, capable of great variation in density, by the simple processes of 
hardening and annealing, and, therefore, of oeing adapted to the different degrees of elongation 
that it is subjected to, in either solid or built-up guns. 

Bronze has greater ultimate tenaciW than cast iron, but it has little more elasticity, and less 
homogeneity ; it has a high degree of ductility, but it is the softest of cannon-metals, and is inju- 
riously affected by the heat of high charges. 

The other alloys of copper are very costly, and their endurance, under high charges, is not 
determined. 

In view of the duty demanded of modem guns, simple cast iron is too weak, although it can be 
used to advantage for jackets over steel tubes-— a position where mass, small extensibility, and the 
cheap application of the trunnions and other projections, are the chief requirements. And, 
although cast-iron barrels, hooped with the best nigh wrought iron, and with low steel, cannot 
fulfil all the theoretical conditions of strength, and do not endure the highest charges, they have 
thus far proved trustworthy and efficient. 

Wrought iron, in large masses, cannot be trusted, and is, in all cases, too soft. 

Bronze is soft, and destructible by heat. 

Low steel is, therefore, possibly in oonnection with cast iron, as stated above, by reason of the 
associated qualities which may be called strength and toughness, the only material from which we 
can hope to maintain resistance to the high pressures demanded in modem warfare. 

See Abxoub. Guhpowdbb. Materials or Conbtbuotiok, strength of. 
Works relating to this subject : —BtmeiiBeej ' Aufangsniinde v. ArtiUerie,* 1788. Meineke, 
' Anleitung zum uuss des Bronzirten Geechiitzes,' 1817. 'Report of Experiments on the Strength 
and other Properties of Metals for Cannon,' 4to, Philadelphia, 1856. B. Mallet, ' On the C^n- 
straction of Artillery,' 4to, 1856. 'Report of Ebcperiments upon British and Foreign Ores for 
the Purposes of Cast-Iron Ordnance,' fol., 1859. J. A. Longridge, 'On the Construction of 
Artillery,' Transactions Inst. C. E., 1860. Captain Rodman's 'Reports of Experiments on the 
Properties of Metals for Cannon,' 4to, Boston, 1861. 'Reports from the Select Committee on 
Ordnance.' 1862-68. D. Treadwell, 'On the Constraction of Hooped Cannon,' royal 8vo, Kew 
York. 1864. Holley's 'Treatise on Ordnance and Armour,' 8vo, New York, 1865. Alonde, 
' £tudes sur I'Artillerie,' 8vo, Paris, 1866. 'Reports of the Whitworth and Armstrong Committee,' 
2 vols., fol., 1866. H. L. Abbott, 'Siege Artillery in the Campaigns against Richmond,' 8vo, 
Kew York, 1868. 

See also: — 'Journal of the United Service Institution.' 'Aide-M^moire to the Military 
Sciences.' ^^ 

ASHLERIXG. Fb., Mafonnerie de moSUon ; Geb., Scha!werk^ Brtichstein Mauer^ NS.^'* 
v)erk ; Ital., Bitti ; Spam., Oora de sUleria y siliarejo, 

Ashlering, in carpentry, are the short, upright pieces of timber or quartering, 
as A in sketch, fixed in garrets to the jtoor and rafters to cut off the acute angle ]p 
formed by the rafters and floor. They are usually 2} in. thick by 4 in. wide, and ^^ 
tiom 2^ to 3 ft. long, spaced about 12 in. apart. They are lathed over and 
plastered as in ordinary partitions. 

Ashlar or Ashler Work, — In masonry, where each stone is squared and dressed 
to given dimensions. It is usually applied to the squared stone-facing of walls in which the beds 
are dressed horizontal and the joints vertical and disposed at uniform distances, so* as to break joint 
nith the stone in the course above and below. The face may be worked in any way. It may be 
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left rough from the quarry, when it is called '* rock-ashlar ;" or it may be dressed in a variety of 
ways, in which case it is called " dressed ashlar.*' 

In the neighbourhood of London, the term ashlar is applied to a thin facing of squared stones 
laid in courses, with close-fltting joints, and set in fine mortar or putty. See BIasohbt. 

ASH-PAN. Fb., Cendrier ; Qkb., Aachkasten ; Ital., Ceneracciolo ; Span., Cenicero 

See BoiLEBS. 

ASH-PIT. Fb., Fosse a cendre ; Gieb., Aachhch ; Ital., Cmerario ; Span., Cenicero, 

See BoiLEBS. 

ASPHALTE. Fb., AsphaUe ; Geb., Asphalt ; Ital., Asfalto ; Span., AsfoHo. 

Asphalte is a bituminous limestone found in the Jura Mountains and other localities, which is 
used in the formation of payements and in the manufacture of bituminous cement. 

Bitumen is found in nature in various conditions, and is met with in many parts of the 
world. It is supposed to be the substance mentioned in Genesis, chap, xi., ver. 3, as having been 
used, instead of mortar, in building the Tower of Babel ; and there are numerous proofs of its having 
been used in ancient buildings in Egypt and Assyria. It is found, more or less pure, in large quan- 
tities washed on the shores from the surface of Uie Dead Sea or Lake Asphaltites, and is supposed 
to be derived from bituminous springs in the neighbourhood of that lake. Immense quantities of 
bitumen exist in the island of Trinidad, at a place called the Tar Lake, where the ground, for an 
unknown depth, contains so large a proportion of bitumen, that in hot weather it becomes too soft 
to walk upon. In some localities there are beds of shale so highly impregnated, that upon wells 
or pits being dug they become filled with bitumen. In other locadities there are bituminous sandsf 
In Auvergne, in France, are many beds of this description ; and near Clermont bitumen exudes 
from the ground into a kind of wells, which have received the name of Fountain of Pitch. 

It is, however, &om beds of bituminous sandstone that, next to the bituminous limestone, the 
best description of bitumen is obtained. It is from these beds, which have been technically termed 
molasses, tnat most of the bitumen, or minerad tar, is obtained for mixing with the bituminous 
limestone in the manufacture of asphaltic mastic. 

Bitumen is composed of carbon, hydrogen, and oxygen, in the proportion of about 85 carbon, 
12 hydrogen, and 3 oxygen. The colour is a deep black, with a very slignt tinge of redness. It has 
a peculiar aromatic odour, somewhat resembling, but still very different from tnat of tar and pitch. 
The odour is very strong when at a boiling temperature, but at ordinary temperatures it is scarcely 
perceptible. At a temperature under 5^ Fahrenheit it is solid and brittle ; from 50° to about 
70° it is soft and plastic; from 70° to 90° it has a pasty consistence; from 90° to 110° or 120° it is 
glutinous ; and above 120° it is liquid. The specific gravity is about 1 ' 03. 

The geological origin of bitumen is somewhat uncertain. The most probable hypothesis appears 
to be that it was produced from beds of coal whUe subject to heat and pressure at great depths below 
the surface of the earth, and that it was afterwards forced'upwards through the superincumbent 
strata during some convulsions of nature. In its progress to, or on its arrival at the surface, it 
impregnated the limestone and sandstone rocks, and be^jne mixed with the other strata in which 
it IB now found. Here it may be necessary to observe, that the vague conjectures upon which 
geology is founded, and such matter as rest rather upon a speculative than a substantial, philo- 
sophical basis, are neither examined nor discussed in this work, and they receive but little of our 
attention. 

For the purpose of obtaining bitumen, or mineral tar, the sandstone is broken into pieces 
about the size of the stones used for macadamizing roads, and placed in caldrons and boiled in 
water. In about an hour the bitumen becomes liquid and rises to the surface, and the stone falls 
to the bottom in grains of sand. The bitumen is then skimmed off. If, however, the sand be in 
very fine grains, a considerable quantity of it becomes mixed in the boiling with tne bitumen, and 
rises with it to the surface of the water. A second operation, therefore, becomes necessary in order 
to render the bitumen sufficiently free from sand. For this purpose it is placed in another caldron, 
and heated to such a degree as to render it quite liquid. The water remaining in the skimmings 
soon evaporates, and the sand falling to trie bottom, the pure bitumen is drawn off. In this 
second operation a considerable quantity of bitumen is lost in consequence of the impracticability 
of separating it from the sand at the liottom of the caldron. Of late years bitumen is sometimes 
extracted by chemi<»l solution, and the liquid in which it has been dissolved drawn off by 
evaporation. A small admixture of pure sand is of very little detriment for most purposes to which 
bitumen is applied ; but it is essentui that it should be free from earthv or vegetable matter. In 
extracting bitumen from such soils as that in which it is found in the island of Trinidad, it is 
necessary to resort to complex chemical processes, and even then the result is inferior to the 
products of the bituminous sandstones. 

Bitumen has been used from remote antiquity, and probably asphalto also may have been 
known to the ancients ; but it does not ftppcar to have oeen applied to its present uses until 
the beginning of the eighteenth century. The first mine of a^nalte was that of the Val-de- 
Travers, near Neuch&tel, in Switzerland. It was discovered by Dr. d'Eyrinis, who published in 
the year 1721 a small volume, in which the nature and uses of asphalte are very fully explained, 
and its adoption for various purposes enthusiastically advocated. It was not, however, until 1838 
that the first pavements of asphalte were laid in the streets of Paris. 

The valuable properties of asphalte now became fully appreciated ; and not only so, but they 
were greatly exaggerated, and the material applied to purposes for which it was not adapted. 
About this time asphalte produced an industrial fever not unlike the celebrated South-Sea Bubble 
or the more recent railway mania. Societies were formed in Paris, whose shares increased in price 
within a few mimths to ten times their original cost ; and then in a very short time a reaction 
occurred, and one-tenth of the original cost could not be obteined for the same shares. The evils of 
excessive speculation disappeared in course of time, and at present the production and appli- 
cation of asphalte is an extensive and well-regulated branch of industry. It is much more used on 
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the continent of Euiope than in England. It is the material ^nerally adopted for the pavements 
of Parifl, and indeed for ve^many of the carriage-ioads. During the period of excitement aeveial 
companies were formed in England for the supply and application of asphalte, and amongst others, 
one promoted by Glaridge, and one known as the Metropolitan Mineral Bock and Asphalte Com- 
pany, whidi BtiU maintain the highest character for excellence of materials and workmanship. 

The best deecription of asphalte consists of a limestone composed of nearly pure carbonate of 
lime, impregnated with from six to ten parts by weight of bitumen . The principal source of supply 
at the present time is from the Jura Mountains, in the neighbourhood of Seyssel, on the west bank 
of the river Rhone. 

The colour is a dark chocolate, approaching to black. In cold weather the stone is hard, and 
easily broken ; but in warm weather it softois imder the blow of the hammer. The specific 
gravity is about 2*25. 

The bituminous limestone, after being quarried, is broken to a size that would pass through a 
ring about 2} inches in diameter. It is then reduced to powder, either by grinding, or bv crushing, 
or by exposure to heated steam. The first method is generally preferred ; but when the stone is 
hard and deficient in bitumen, it is more oonvenient to crush it between revolving cylinders ; on 
the other hand, with stone which is soft and contains an excess of bitumen, the hot vapour process 
may be more advantageous, especially in warm weather. The powder requires to be sifted, and 
all the large particles again passed through the mill, or otherwise reduced to the requisite degree 
of fineness. The next process is to place the powder in a caldron, in which a small quantity of 
pure bitumen has been previously melted, and to bring it into a state of fusion and stir it by 
machinery until the whole is thorougf^ly mixed, when it is drawn off and run into moulds to form 
blocks of about 1 cwt. These blocks, when cold, are ready for exportation as asphaltic mastic. 
The finest mastic contains 87 per cent, of the carbonate of ume and 13 per cent, of bitumen, but 
several qualities of mastic are prepared by adding to the other ingredients various proportions of 
very coarse-grained sand, termed ^^grit.** The mastic requires to be remelted on tne spot, where 
it is to be ui^ in the laying of pavements or other works ; and for this purpose portable caldrons 
are provided, and a small quantitv of the mineral tar is added, as a fiux, witn every melting. 

tiastio of pure asphalte is seldom used without some admixture of grit, a certain proportion of 
which adds to its power of enduring wear and tear, and of resisting the tendency to soften at high 
temperatures. Asphalte containing about 15 per cent, of fine grit is best a<iapted for covering 
roofs, and that containing about 25 per cent, of coarse grit for the laying of footpaths, Asphalte 
pavements should not become appreciably soft when subjected to a temperature of 160° Fahrenheit. 

The principal uses of asph^te are for covering roofs; for protecting underground vaults, 
magazines, railway-arches, &c., from the percolation <a water ; for pavements ; and for damp-courses, 
to prevent moisture from rising in walLs by capillary attraction. A l^er of asphalte |-inch in 
thickness may be considered impervious to moisture, and, therefore, an effectual damp-course. As a 
covering to roofs, it is exposed to variations of temperature, which are destructive to cement and most 
other compositions, and frequently cause cracks even in lead ; but good asphalte. (-inch in thickness, 
firmlv supported on a thick bed of concrete, will form a substantial water-tight covering through 
all alternations of climate. As a pavement it has the advantage of being firee from joints, of 
presenting a very smooth surface, and of being capable of enduring a great amount of wear. A 
good paving of asphalte, f -inch thick, will last longer under heavy traffic than Yorkshire flagging 
3 in. tnick. As a covermg for under^und arches it may not be considered very much superior to 
Portland cement, but it has the advantage of possessing a certain degree of elastioity, which renders 
it less liable to crack upon slight settlements occurring in the brickwork or masonry underneath 
it. One great recommendation for asphalte is, that it is easily repaired ; and that the materials 
from old work may be melted and, with a small addition of mineral tar, re-used in new work. 

The dark colour of asphalte pavements is somewhat to its disadvantage ; and the closeness of its 
texture, and its property of reaoily condensing on its surface the moisture of a damp atmosphere, 
renders it unsuitable for the floors of inhabited apartments. Its property of becoming soft at a 
high temperature renders it unfit for floors of furnace-rooms, forges, &c., or for any dose proximity 
to fires. On the other hand, it is to be observed that, though liable to melt, it never takes fire, 
and that it is, therefore, well adapted for fire-proof construction. 

Asphalte has been used as a cement in the brickwork of tanks, &c. ; but for such purposes it 
appears to possess very little, if any, advantage over Portland cement, which is a much cheaper 
material. It has very little adhesion for brick or stone ; and, consequently, however superior the 
asphalte itself may be in regard to strength and impermeability, it does not, in combination, form a 
solid homogeneous mass of masonry. The absence of adhesion also prevents it from being appli- 
cable as a covering or lining to vertical surfaces. 

Good asphalte is not much affected by the ordinary variations of tempMsrature ; but still it 
becomes somewhat soft under a summer sun, and is liable to slide down if laid upon a steep 
incline. Asphalte roofs and pavements should, therefore^ be laid nearly horizontal, and when 
steep inclines are imavoidable, they should not be more tnan about two or three feet in width. 
Vertical surfaces above 6 inches in height should be avoided when practicable ; but, with care, 
greater heights may be executed with safeW, especially in short lengths. 

The preparation of asphaltic mastic ana mineral tfur, as above described, is evidently somewhat 
expensive ; and the carnage of the material adds greatly to the cost, especially in this country, 
which has no source of supply nearer than the Jura Mountains. The bitumen is known to be very 
similar to some cheaper substances, and, among others, to common coal-tar ; and carbonate of lime 
of similar quality to that of the bituminous limestone is easily obtainable in almost every locality. 
There is, therefore, every inducement to endeavour to produce an artificial compound, which 4nay 
supply the place of natural asphalte. The effort to invent such a compound merits approbation, 
ana bias been suooessfullv made by the Metropolitan Asphalte Company. Up to the present time, 
every artificial asphalte has proved to be a fieulure in oases where strength was required, or where 
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expoeed to great alteraatioiiB of temperature. Preparations of ooal-tar have been advantageonsly 
employed in protecting walk, arches, &o., from damp, when the artificial asphalte could be itself 
protected from the weather and the air excluded ; and tar pavements are extremely cheap, and 
well adapted for many situations. 

ASSAYING. Fb., EsseU dea M^taux; Geb., Pmbirkanst ; Ital., Saggio dei MetaUi; Span.. 
Enaayo de metales. 

The term ** assaying " is frequently used in the general sense of chemical analysis ; but, strictly, 
it is only applicable to that mode of separating metals from their -ores, or gold and ailver from the 
baser metals, in which no wet reagents, generally speaking, are employed, and the action of heat 
is called into play. Wo sheJl, in this article, give concise methods for enabling any one to detect 
in commercially valuable minerals and ores those constituents of which they are composed. 

The forms of blowpipe generally used for assaying are shown in Figs. 420, 421. They consist of 
a tube made of brass or of gemum^ilver, bent near the end, and terminated with a finely-pointed 
nozzle. The best form of bbwpipe is represented in Fig. 422. The tube and nozzle are made of 
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the same material as the common blowpipe, the point of platinum, and the mouthpiece of horn, 
wood, or ivory. The air-chamber A serves to partially regulate the blast, and receives the tube 
and nozzle, which are ground to fit accurately, each of these pieces being movable. The point, 
which enters the flame, as before observed, is made of platinum. 

In using the blowpipe, tho lips are pressed against the mouthpiece, and the stem firmly held ; 
the cheeks are infiated with air, which is expeUed from the mouth through the pipe, by contracting 
the muscles of the cheeks, care being taken to inhale only through the nostrils ; by mis means a 
continuous fiame is kept up. 

When a fiame is propelled by a current of air blown into or upon it, the fiame produced maybe 
divided into two piuis, possessing respectively the properties of reduction and oxidation. The 
reducing-flamo is produced bv a weak current of air acting upon the flame of a lamp or candle ; 
the carbon contained in the flame is thus brought in contact with the substance to be examined, 
which it reduces. The oxidizing-fiame is formed by blowing strongly into the intcpor of the 
oandle-fiame. Combustion is thus thoroughly effectea ; and if a small piece of an oxidizable body 
be held at the point of tho fiame, the former speedily acquires an intense heat, and combines freely 
with the oxygen of the surrounding air. The substance to be analysed should, when exposed to the 
flame of the blowpipe, be supported upon some infusible, and, in many cases, incombustible material. 
^ When it is required to reduce an oxidized substance, to fuse a body without oxidizing it, or to 
oxidize a bodv on which the reducing action of carbon alone is unimportant, that body is placed 
in a small hollow in a piece of charcoal. The best kind of charcoal for this purpose is made from 
closely-grained pine-wood, free from knots, and i^ould be cut by a sm^ fine saw into convenient 
pieces. 

For holding in the fiame substances which would be affected by charcoal, platinum-wire, 
0*012 in. diameter, is formed into a small hook. The hook is heated and dippea into borax or 
microcosmic salt, which adheres to it, fonning a small globule in which the substonce to be tested 
is placed. Platinum-foil is used for the same purposes as the wire. Platinum spoons, shaped as 
In Fig. 423, are used for fusing the mineral with reagents, as carbonates of potash and soda, 
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bisulphate of potash, and saltpetre. When the substance can be determined by the colour it gives 
to the blowpipe-flame, it is held in the latter by brass or steel foroeqs with platinum tips, Figs. 
424, 425. To take up the mineral, the knobs 6 6, Fig. 424, are pressed, the platinum points a, a 



425. 




then open, and dose, when required, by their own elasticity. For manipulating in acids, forceps 
with glass points, Fig. 426, are used. 

Glass tubes of various diameters, in lengths of 5 or 6 in., open at both ends, are used for 
roasting substances containing sttlphur^ selenium, arsenic^ antimony^ and tellurium. These, when 
heated with an access of air, evolve characteristic fumes. They are generally heated by a spirit- 
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lamp. Small teai-tubeB are alBO required, in order to detect the presence of water, mercury, or 
other bodies which are volatilized by heat without aooeae of air. 

The reagents most oommonly used in assaying are carbonate of soda, borax, and microoosmio salt. 
The carbonate of soda must be anhydrous and perfectly pure. It is chiefly used to reduce metallic 
oxides and sulphides, to decompose silicates, and to detezmine the fusibility of different substances. 
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Pure borax is heated below its melting-point to expel its water of crystallization, and is then 
pulverized. In using borax, a small quantitv is formed into a bead on tiie end of a platinum-wire, 
to this bead is then added a minute quantity of the powdered substance to be examined. The 
whole is then held in the blowpipe-flame, and the following results observed : — whether the borax 
dissolve the substance or not ; the colour of the bead formed in the oxidizing and reducing flames 
respectively ; and whether the colour of the bead alter when cooling. Only sufficient of the sub- 
stance should be added to give a colour to the bead ; if this be too intense to be dearlv distin- 
guished, more borax may be added. When microcosmio salt, whidi is a combination of phosphate 
of soda and ammonia, is used, it should bo fused upon platinum-foil, to expel the water and excess 
of ammonia contained in it. It is then used upon platmum-wire in the same way as borax. 

The following reagents are required in certain cases :~ nitrate of potash, also called saltpetre, 
for oxidizing certain substances b^ fusing with them either on platinum-foil or in the platinum 
spoon ; bisulphate of potash, for eliminating certain volatile matters, as lithia, boraoic acid, hydro- 
fluoric acid, bromine, iodine, also for decompoeinK salts of titanic, tantalio, or tungstio acids ; nitrate 
of cobalt, chemically pure and in solution, for oetecting the presence of alumina, magnesia, oxide 
of zinc, oxide of tin, and titanic acid, which, when moi^ned with this reagent and strongly 
heated, assume certain characteristic colours ; silica, for various purposes ; fluoride of calcium, 
known as fluor-spar, which, mixed with bisulphate of potash, is usea for asccfftatning the presence 
of lithia and boracic acid ; oxide of nickel or oxalate of nickd, which latter is a salt of oxide of 
nickel with oxalic acid, for the detection of potash in large quantity in salts which also contain 
soda and lithia ; protoxide, black oxide, of copper, for detecting cmorine, bromine, and iodine ; 
tin-foil, for reducing various metallic oxides dissolved in borax or microcosmio salt (the hot fluid 
is touched on charcoal with apiece of tin-foU, and then strongly heated for some seconds under the 
reducing-flame) ; flno silver, for discovering sulphur and sulphuric acid. The reagents should be 
kept in slass-stoppered bottles. 

In addition to the apparatus already described, the following articles are desirable, though, 
with some exceptions, not indispensable ; a steel hammer, a smidl anvil, a steel crushing-mortar, 
an agate mortar, two or three files, a pair of scissors, a magnet, a pocket-lens, some porcelain 
capsules, a spirit-lamp, and a good pocket-knife; blue litmu»-paper, turmeric-paper, smaU quantities 
of strong sulphuric, nitric, and hydrochloric acids, and a few glass rods. 

Mkthods or Analysis. — tn the Test-tube, — The tube being thoroughlv dry and dean, a small 
portion of the pulverized substance under examination is placed in it, and heated over a spirit-lamp 
until the glass softens ; it must then be noticed whether any vapour or sublimate is collected in 
the upper portion of the tube. This vapour may be water, mercury, sulphur, selenium, tellurium, 
or antenic. If the product be liquid, its alkaline or acid reaction should be tested by litmus-paper. 
Organic substances may be detected by their odour. Quicksilver can be discovered in the sub- 
limate by means of a lens. The sublimate of selenium is reddish brown, of tellurium grey, and 
of arsenic black ; that of the latter beins sometimes metallic. If these substances do not appear 
as sublimates, it must not be concluded that they are not present, as they may exist in com- 
binations not readily destroyed by heat alone. Oxygen and ammonia are sometimes evolved ; the 
former may be recognized by introducing an incandescent splinter of wood, which will immo- 
diately burst into a fiame ; and the latter by its alkaline reaction upon moistened red litmus- 
paper. Often, however, ammonia exists in such a state of combination, that heat alone will not 
disengage it. When any substance is supposed to contain such a combination, it must be mixed 
with caustic soda, or caustic lime, and heated in a clean test-tube, when free ammonia will escape. 

In the Open Tube, — The substance in a state of powder is placed in the tube half an inch from 
one end, and heated by degrees, the tube being slightiy inclined in order to produce a current of 
air. The constituents of the substance thus combine with the oxygen of the air, and are vola- 
tilized. Sulphur forms sulphurpus acid, which is detected by its pungent smeU. Selenium forms 
a steel-grey deposit, and also a vapour, characterized by its smell. Arsenic volatilizes as 
arsenious acid, antimony as antimonious acid, and tellurium as tellurous acid, all forming dense 
white fumes. The deposit from arsenic is crystalline, from the others amorphous ; that from 
tellurous acid forms small beads. The tubes used should be made of difficultiy fusible Gennan 
or Bohemian glass. 

On CharoooU. — The action of most substances when heated on charcoal Is similar to their action 
in the test-tube. The experimenter should make himself familiar with the incrustations formed 
by different substances when heated on charcoal. We will only describe the action of those 
Bubstanoee which are of practical importance. 
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Anenic, when fieated npon oharooal by the blowpipc^flame. coven the former with a coating, white 
in the centre and grey at the edges, of araenions acid. Tnia ooatine is immediately volatilized, 
when brought in contact with the flame, and gives off the odour of ^lio which characterizes 
arsenic. The vapour evolved is highly poisonous, and should not be inhaled. Metallic arsenio 
dissolves readily in nitric and hydrochloric acids ; in the first case, if heat be applied and an 
excess of acid used, arsenio acid will be formed ; and in the second, arseniuretted hydrogen, a very 
poisonous gas, is evolved, leaving chloride of arsenic. 

Antimony melts easily, coating the charcoal undo/ both the oxidizing and reducine flames, 
with an incrustation — white where thick, and bluish where thin— of antimonious acid. Anti* 
monious acid is less volatUo than arsenious acid, and tinges the reducing-flame blue; but is 
rimply melted by the oxidizing-flame. Antimonious acid, when moistened with a solution of 
nitrate of oobalt, and gradually brought to a high temperature in the oxidizing-flame, after 
cooling, presents a dusky green appearance. The beet solvent for antimony is aqua regia, 
nitro-muriatio acid, which converts it mto chloride of antimony. 

Bismuth melts readilv, and coats the charcoal, under both flames, with its oxide. The colour of 
this coating resembles tnat of an orange, and becomes paler on cooling. The edges of the oxide, 
which have been more exposed to the action of the charcoaL become converted into carbonate of 
bismuth, which is white. By applying either flame the oxiae is driven from place to place, being 
first reduced by the charcoal to metallio biBmuth, which is volatilized and re-oxidized. The 
colour of the fliune undergoes no alteration. Bismuth dissolves in nitric acid, from its solution in 
which it may be precipitated as a white sediment b^ dilution with pure water. 

Copper, — This metal, when unalloyed, melts easily before the blowpipe. When placed in the 
oxidizing-flame it becomes coated with black oxide of copper, while the flame is strongly tinged 
with green. Metallio copper is easily obtained from its oxide in the reducing-flame, without 
inorusting the charcoal. Many compounds of copper may be reduced to the metallio state by 
mixing them with carbonate of soda, and then heating in the reducing-flame. Ciopper dissolves 
readily in nitric acid, giving off nitrous fumes, and forming a deep azure-blue solution on the 
addition of ammonia. A polished surface of iron or steel, immersed in a solution of copper, soon 
becomes coated with this metaL 
t Qold melts easily before the blowpipe, is not acted on by fluxes, and is soluble in aqua regia. 

Lead fuses reaoily, covering the charcoal with oxide of a dark yellow colour^ which bewnnes 
paler on cooling. Beyond the oxide, carbonate of lead is formed, of a bluish-white colour. The 
oxide, when heated in the oxidizing-flame, acts in the same manner as the oxide of bismuth ; but 
in the reducing-flame it volatilizes, tinging the flame blue. Lead readily dissolves in nitric acid ; 
and its oxide, litharge, is soluble even in vinegar. 

Fkttinum, — Infufflbie, not affected bv borax or microcosmic salt, except in a state of flne dust, 
when reactions for iron or copper, which occur in small quantities, as impurities, take plaoa. It is 
soluble only in boiling aqua regia. 

Silver^ when fused alone upon charooaL covers it with a thin coating of dark brown oxide. If 
lead be present, it first forms a yellow oxiae ; then, as the silver becomes purer, the silver forms a 
dark red deposit beyond. Antimony, when present, forms a white crust of antimonious acid, which, 
on further exposure to the heat, becomes red on the exterior. If antimony and lead are simul- 
taneously present in the silve^a crimson incrustation forms upon the charcoal after the former 
metals Imve been volatilized. Rich silver ores sometimes produce the same result, when fused upon 
charcoal. Silver dissolves readily in nitric acid, and may be r»-deposited by a plate of copper. 

Tin melts readily, and oxidizes in the inner flame. The melted metal, when exposed to the 
reduoinff-flame, becomes covered, as well as the charcoal, with oxide, which is pale yellow while 
hot, ana becomes white when cool. This oxide cannot be reducea by either flame. The best 
solvent for tin is hydrochloric acid ; nitric acid oxidizes this metal^ but lias no effect upon its oxide. 

Zinc melts with facility, and bums with a bright greenish-white flame in the oxidizing-flbune. 
The product of this oombustion is oxide of zinc, evolved in dense white fiimes. which coat the 
charcoal. This coating, while hot, is vellow, .and turns white on cooling ; it snines brilliantly 
when heated with the oxidizing-flame, but cannot bo volatilized. The reducing-flame volatilizes 
it but slowly. Zinc is readily soluble in dilute sulphuric add, hydrogen being evolved, and 
sulphate of zinc formed. 

In Platinum Forcepe, — If the substance to be examined does not attack platinum, a small fraff- 
ment held in the forceps is exposed to the oxidizing-flame ; if its action upon platinum is feared, 
it should be placed upon charcoal or refractory porcelain. In this method of examination the 
substance is reoognizea by the colour it imparts to the flame. The following are a few substances 
of frequent occurrence dsjwifled according to the colours which they give to the blowpipe-flame : — 



Koe FUnw. 



Green FUuM. 



Arsenio 
Antimony .. 
Bromide of 

oopper 
Chloride of 

copper 
Lead .. 
Selenium 



light, 
greenish, 
mixed with 
green. 

intense. 

pale, dear, 
azure. 



Copper 
Bsiryta 
Boradcadd 
Ammonia .. 
Iron . . 
Iodide of 

Fhosphonc 

acid 
Zinc .. 



emerald, 
pale, 
dark, 
very dark, 
dare, 
intense 
emerald. 

pale. 

very pale. 



BcdFlameu 



Lime .. purplish. 
Lithia .. crimson. 
Strontia . . dark crimson. 



Violet Flame. 



Potash .. dear. 



With Borax. — As this methnd Berres to diatingukh metAlUo oxides, bU mbstanoei ooDfaumDg 
nnoxidized metala lumst be previousi; rcAsted, in order to convert them into oxides. The same 
truitmeiit a neceasBrj when microcosmic eaJt is substituted for borai. 



itil the temperature is as high as possible. Three resctinns may theo take place : either 
me BuDBianca will fuse with eftervoiicence, it trill be reduced, or the alkali will be lUisarbed into 
the chaicoa!, leaving the substance ou the surfaoe unchanged. BilictL, titanic and tungatio aoidl 
tuBfl with effervasoenoe. 

The oxides of gold, silver, tnn^^n, antimony, arsenii^ copper, mercuir, bismuth, tin, lead, 
zinc, iron, nickel, and cobeit, when mixed with carbonate of soda and heatea Dpon the ctrarooal in 
the leducing-fl&me, are reduced. Lead, zino, antimony, and bismuth, volatUiie partially, funning 
inorustationa on the charooel Mercury and arsenic are volatilized as soon as reduced, leaving no 
marks upon the charcoal. 



D the fonn of a Bhining metallio 



the roduoing-Qame. The assay and that portion of the charonal which has 
' "~ powdered and placed upon a moistened surface of polished silver, whloh, if 



when any metal which may he contained 
powder, if brittle, or d&kea, if malloable. 

Sulphur may be detected by heating the substance with double its weight of carbonate of soda, 

upon ctaraoa!, ii "- -'-"--'■ — ■" ' "--' — "-- - ■■ ' 

absorbod any alki 

sulphur be present, receives a black ... __ 

Hanganese is detected by fusing the aubstance with ciu-bonate of soda and nitre, upon platinum, 
in the ciidiiing-flarae. The bead thus formed is of a turquoise colour when cool. 

In order to detect quantities of phosphorus too minute to give any reaction ia the blowpipe- 
flame, part of the Hubetance is pulverized with five times its bulk of a mixture of S parts carbonal« 
of soda, 1 nitrate ot potash, and 1 silica, and the whole fused in a platinum spoon or crucible. The 
reanlting mass ia mixed with water, filtered, and a few drops of carbonate of ammonia added ; tha 
silica ia preaipitated by boiling, and removed by filtration, A small quantity of acetic acid ia then 
added to the filtrate, which Isboiled to eip«l the carbonio acid, and to which pure nitrate of ailver 
is added. If phosphorus or phosphorio acid be preaent, a yellow precipitate appears ; if, on the 
contrary, the solution Dimtain arsenic, or any oomponnd of that metal, the precipitate isof a reddidi- 
brown colour. 

Asiay of Fwl. — To estimate approximately the amount of carbon in any particular fuel, a 
portion of the fuel should be driec^ weighed, and heated in a platinum crucible until further 
increase of temperature cauaeB no redaction in weight. The difference between the weight of tha 
remaining ashes and that of the substance previous to heating gives the desired result. 

Aiaag of Gold and Silmr. — In assaying gold, the metal is wrapped, with three times its weight at 
fine silver and twelve times its weight of pure lead, in a piece of thtn paper, and melted in k oonft- 
ash cupel, Fig. 427. This cupel la either heated in a muffle, 
shown at tn, Fig. 428, or by the oxidizing-flame of a blowpipe. ***■ 

The load and copper become oxidized, the fused oxide of lead 
diasnivea that of the copper, and both are absorbed by the cupel, 
leaving the gold and aiiver combined in the form of a button. 
This button uiould be rolled into a thin plate and boiled with 
nitric acid, spec. grav. I'lS, which extracts the greater part of 
the ailver. The remainder is then washed with pure water, and 
boiled in nitric acid, spec, grav. 1-28, to extract tlia last traces 
of silver; after which it is waahed, heated to redness in a 
crucible, and weighed. 

The assay of silver is generally conducted by the wet process, 
Kud is based on the fact that chloride of silver is an insoluble 
aalt, and that a solution of common salt can be made of such ■ 
strength as to precipitate a certain weight of pure ailver &otn ■ 
•olution of that metal in nitric acid. 

Lead may be extracted from galena, Ita snlphide, and ita moat 
common ore, by mixing 300 grains of galena with 450 grains of 
dried carbonate of soda and 20 grains of charcoal, and ^a<^ng ft 
in a crucible vrith two large iron nails, heads downwards. This 
crucible is covered, and heated moderately for half-an-honi. The 



remainder of the nails is carefully removed from the liquid mass, 
which is then sjlowed to cool, the cmoible biokeo, and the lead 




extracted and weighed. 

To ascertain if it contains silver, the button is placed in a 
small boue-ash cupel, heated in a mnffle, until the whole of the 
lead is oxidized and absorbed by the bono-aah the cupel ia made 
of, leaving the minute globule of silver. Small globules of lead 
may be conveniently cupelled on charcoal before the blowpipe, 
bv pressing some boue-ash into acavity scooped in the charcoal, 
placing the lead upon its surface, and exposing it to a good ^~ 
oxidizing-flame as long as it decreases in size. If any ooppor 
be present, the bone-ash will show a green stain after cooling. 
Pure lead gives a yellow stain. In the above prooeaa the sulphur 
of the lead ore, galena, is removed partly by the sodium of the carbonate of anda, and partly by 
the inm of the nails, the exoess of carbonate of soda serving to flux auy silica with which the 
galena may be mixed. (Bee Aitiolea on the various Metali.) 
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bb, fire. 
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ATOM. Fb., Atome ; Gbb., Atom ; Ital., Atomo ; Span., Atomo, 

Bodies are not composed of one continuous substance, but — as is evidenced by their porosity 
and their faculty of increasing or diminishing their volume under certain influences, and even of 
changing their actual state — they are formed of an aggregation of small particles, called molecule*. 
placed at specific distances from each other, and maintained in equiliorium by the powers of 
attraction and repulsion which they reciprociuly exercise. 

These molecules, however, are not the final limit of subdivision of which matter is susceptible. 
By bringing other forces into play, it is possible, in most cases, to divide them into yet smaller 



It is to these last that the name of atom has been given. 

We have said ^ in most cates/* because there are some exceptional ones when the molecule is 
noi divisible. 

The bodies to which they appertain are then said to have an atom and a molecule that are 
homologous. 

By knowing the atomic weights of all the simple bodies, and the molecular weights of either 
the elements or the compounds which they form, we arrive at far more correct notions regarding 
the constitution of bodies, than by trusting solely to the rough fact of equivalents. See Moueoulb. 

How the fi rst o f these are attainable will be shown in the next article. 

ATOMIC WEIGHTS. Fb., Folds atomiques; Geb., Atomgewickt ; Ital., Pest atomichi; S?ak., 
Pesos atomicos, 

Higgins and Dalton were the first to think of explaining chemical combinations by the hypo- 
thetical juxtaposition of atoms. Dalton argued that, those atoms being insecable, the various 
quantities of a body A, which unite with an invariable quantity of another body B, must bear to 
each other ratios that are rational and commensurable. From this atomical hypothesis he then 
deduced, a priori, the law of multiple proportions, which, after receiving the sanction of experience, 
has become one of its most solid foundations. 

The atomio&l theory afibrds a satisfactory explanation of equivalents, that is to say, of the fact 
that bodies enter into combinations in quantities bearing the same ratio, though they vary between 
themselves. 

For example, let us suppose the weight of one atom of potassium to be 89 times greater than 
that of one atom of hydrogen, and that one atom of>the one or the other of those bodies to one atom 
of chlorine is required in order to form a definite combination. As the weight of the atom of 
chlorine remains the same in both cases, it is evident that, to saturate it, it will take ^ times 
the weight of potassium that would be required of hvdrogen. Moreover, as these proportions 
cannot alter, although, instead of two atoms, an indefinite number enter into combination, the 
result is, in general, that to saturate any given quantity of chlorine, it will take 89 times more 
potassium than hydrogen. This is what is meant when we say that the relative equivalent of 
potassium to that of hydrogen, taken as unity, is 89. In the atomical theory, the equivalents of 
Dodies thus become the weight of their atom compared to the weight of an atom of hydrogen taken 
as unity, and are known under the name of Atomic Weights, 

The notion of atomic weight carries with it, however, something more precise than that of 
equivalent. It is another ratio, but one more fully determined. 

For instance, let us suppose an atom of oxygen to play the same part as an atom of hydrogen, 
that the two bodies, in short, may be substituted the one for the other, and atom for atom ; as 
experiment proves that 8 parts, in weight, of oxygen go to 1 of hydrogen, we are bound to conclude 
that the atom of oxygen weighs 8 times heavier than that of hydrogen ; — that the atomic weight 
of oxygen is 8. 

We will now assume that it takes 2 atoms of hydrogen to replace one of oxygen. As one of 
hydrogen is replaced by 8 of oxygen, 2 of hydrogen will require 16 of oxygep ; this will lead us to 
the admission that the atom of oxygen weighs 16 times heavier than that of hydrogen ; — that the 
atomic weight of oxygen is 16. 

It thence follows that — according as the atom of oxygen is substituted for 1 or for 2 atoms of 
hydrogen — the atomic weight of the first of those two Mdies is 8 or 16 ; whereas the equivalent — 
which only represents a simple relation of weight, irrespective of atoms— remains always equal 
to 8. 

It is necessary to bear in mind that the numbers whereby the atoms of the different bodies are 
expressed have reference solely to their relative weights— not to their bulks, which are supposed 
to be equal in all cases. 

Another important distinction to which we must call attention is this, that compound bodies can 
have no atomic weight : they have only a molecular weight. 

Simple bodies have both a molecular weight and an atomic weight. 

These two weights may be used indiscriminately in special cases when the molecule contains 
only one atom. 

Two methods are commonly used to determine atomic weights : the one is founded on the fact 
that an atom is the smallest portion of a body which can exercise a reaction, ihe other is based 
upon the different specific heats. Both these methods are indispensable, as they cannot be always 
used indiscriminately. 
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First Method. — ^In order to determine the atomio weight of a simple body, it is necessary, in the 
first *place, to know the molecular weights of that body in a free or imoombined state, and of all 
— or, at least, the greater number of the compounds which it forms ; it is, moreover, requisite to 
ascertain the relatiye quantities which enter into the composition of these latter. We then choose, 
as tho weight of the atom, the largest number that will exactly divide the weights of that body 
contained either in its free molecule or in that of Its various compounds. For, in fact, a single 
molecule must contain a whole number of atoms, since these are indivisible ; therefore, the weight 
of any number of atoms is necessarily always capable of being divided by that of a single atom. 

One example will suffice to make this clearly imderstood. In comparing the weights of equal 
volumes of free hydroeen, hydroohlorio acid, hydrobromio acid, hydriodic acid, hydrocyanic acid, 
hydrosuiphuric acid, nydroselenio acid, hyorotelluric acid, ammonia, and so on, we find that 
the molecular weights of these different bodies, as compared with that of the molecular weight of 
hydrogen, taken as unity (and not with that of its atom, which we still suppose to be unknown), 
are as follows : — 





Wcighto of 


QVAVTITATITC OOfMFOSITIDir 09 THB HOUECDLK. 




Kotecales oom- 






Names of Bodka 


pured with the 
Weight of* 


Amount of 


« 




Molecule of 


Hydrogen in 


QnanUties of: 




Hydrogen si. 


« Molecule. 




Pure hydrogen 


1 


1 


other bodies. 


Hydrochloric acid /. 


18-25 




17*75 chlorine. 


Hydrobromic a<sid .. 


40-50 




40 bromine. 


Hydriodic acid 


64-00 




63-5 iodine. 


Hydrocyanic acid 

Water 


13-5 
9 




13 carbon and nitrogen combined. 
8 oxygen. 


Hydrosulphurip acid 


17 




16 sulphur. 


Hydroselenic acid .. 


40*75 




39*75 selenium. 


Hydrotellurio acid .. 


65-5 




64-5 tellurium. 


Formic acid 


23 




22 carbon and oxygen combined. 


Ammonia 


8-5 


^ 


7 nitrogen. 


Phoephoretted hydrogen .. 


17 


■| 


15*5 phosphorus. 


Arseniuretted hydrogen .. 


39 


2 


37*5 arsenic. 


Acetioacid 


30 


28 carbon and oxygen combined. 


Ethylene 


14 


2 


12 carbon. 


Propionic acid 


87 


3 


34 carbon and oxygen combined. 


Alcohol 


23 


3 


20 „ „ 


Ether 


87 


5 


82 „ „ 



From this Table it will be seen that the greatest common divisor of the numbers, }, 1, |, 2, 3, 5, 
which express the weights of hydrogen contained in the molecules of the different bodies, is | ; 
therefore } represents the atomic weight of hydrogen. All the weights in the foregoing Table 
refer to the molecule of hydrogen. If, however, we take as unity the weight of this atom instead 
of that of tho molecule, the numbers would be doubled, as follows: — 





Moleealv 

WeightB com" 

pared ?ri(h the 

weight of Qn^ 

▲torn of 

Hydrogen. 


QaAxmATiVB OoMFoemoir or ths Moleculx. 


NamMofBodlM. 


Amoont of 
Hydrogen in 
a Molecale. 


QoantitieB of: 


Pure hydrogen 

Hydrochloric acid .. 
Hydrobromic acid .. 

Hydriodic acid 

Hydrocyanic acid ... . . 

Water 

Hydrosuiphuric acid 
Hydroselenic acid .. 
Hydrotelluric acid .. 

Formic acid 

Ammonia 

Phosphoretted hydrogen . . 
Arseniuretted hydrogen .. 

Acetioacid 

Ethylene 

Propionic acid 

Alcohol 

Ether 


2 

36 5 

81 
128 

27 

18 

34 

81 5 
131 

46 

17 

34 

78 

60 

28 

74 

46 

74 


2 

1 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
6 
6 
10 


other bodies. 

35 '5 chlorine. 

80 bromine. 
127 iodine. 

26 cyanogen. 

16 oxygen. 

82 sulphur. 

79*5 selenium. 
129 tellurium. 

44 carbon and oxygen. 

14 nitrogen. 

31 phosphorus. 

75 arsenic. 

56 carbon and oxygen. 

24 carbon. 

68 carbon and oxygen combined. 

40 carbon and oxygen. 



And 1, being the greatest common divisor, would be the true atomic weight of hydrogen. 

In the same maimer, we can determine the atomio weights of other simple bodies; for instance, 
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nitrogen. For this purpose we must first examine the moleonlar weights and compositions of the 
different volatile oomponnds of nitrogen, as protoxide and binoxide of nitrogen, hyponitrons &oid, 
hydrous and anhydrous nitric add and ammonia ; we oan then form tiie following Table : 



NsmM of Bodies. 


Weight of 

Molecule com- 

pwedwlth 

an Atom of 

Hydrogen = 1. 


Amount 

of 
NttrogoL 


Amount of: 


Protoxide of nitrogen 
Binoxide of nitrogen 
Hyponitrous aoid 
Hydrated nitric acid 
Anhydrous nitric aoid 

Ammonia 

Nitn^en 


44 

30 
46 
63 
108 
17 
28 


28 
14 
44 
14 
28 
14 
28 


16 oxygen. 

32 „ 

49 ,, and hydrogen combined. 

3 hydrogen. 
other bodies. 



14, being the greatest common divisor of the numbers 14 and 28, becomes the atomic weight 
of nitrogen, uid will remain so unless a new combination of that body be discovered, the molecule 
of which shall contain a quantity of that metalloid equal to a submultiple of 14. 

iS0OOfufJlf«<Ao(f.~This method is due to Dulong and Petit. The atomic weights of several bodies 
being already known, those savants found that the same amount of heat is always requisite in 
order to raise by 1 degree the weights of various simple bodies proportional to their atomic 
weights. Thus, to increase by 1 degree 25 grammes of sodium, 32 grammes of sulphur, 118 grammes 
of tm, 31 granmies of phosphorus, Ac, one same quantity of heat is required, which, for the pre- 
sent, we will represent by the letter P. 

P raises 23 grammes of sodium 1 degree. It is evident, then, that to raise 1 gramme — that is, 

P 

2Sf times less of that element— also 1 degree, 23 times less heat will be required, or — . Therefore 

P 

^ represents the calorific capacity of sodium. 

P P 

In a like manner it will be foimd that the calorific capacity of sulphur is -^, that of tin — 

32 118, 

P 

and that of phosphorus ^ • 

SI 

It will be seen that the specific heats decrease when the atomic weights increase, and that in 

the same ratio ; so that the atomic weights being 1, 2, 4, 8, 16, &o^ w specific heats will be 

4> t. 4> iV» *^ 

We are taught by arithmetic that if the two factors of a multiplication be so modified that the 
one becomes 2. 8, 4, 5 times less while the other becomes 2, 3, 4, 5 times greater, the product is 
invariable. We must, therefore, alwa^ obtain sensibly the same number when we multiply the 
specific heats of various bodies by their atomio weights. 



Thus, the product of the atomio weight of sodium by its specific heat is 

Px 32 



Px2S _ 
23 



The 



product of the atomic weight of sulphur by its specific heat is 



32 



= P. The constant 



number P has been numerically determined, and is sensibly equal to 6* 666. 

If it be required to find the atomio weignt of a simple body, its specific heat must be ascer- 
tained. Let represent the heat, and xits unknown atomio weight, we have: O x « = 6*666 ; 

6*666 
whence we derive x = — ^ . The atomic weight is found, therefore, by dividing the number 

6*666 by the specific heat derived from experiment. 

Dulong and Petit have enunciated this law by saying that the specific heats are inversely 
proportional to the atomic weights. 

To enable the use of this method, it is necessary that the bodies whose specific heat we wish 
to ascertain, exist under similar conditions. Thus the specific heat of gases cannot bo used to 
determine tneir atomio weights. But, in this case, the desired result is arrived at in a different 
manner. 

M. YoBstyn discovered that, in componnd bodies, each atom retains its specific heat. If the 
molecule of a compound body contains 2, 3, 4 simple atoms, the product of its specific heat by its 
molecular weight will be 2, 3, 4 times the constant number 6*666. 

So that, supposing that the atomic weight of a gas be required, it must be made to enter into such 
a combination as will assume the solid state, and of which the specific heat must be ascertained. 
By multiplying the number representing ih&i calorific capacity oy the molecular weight of the 
compound, and dividing the product by 6*666, the quotient g^ves the number of atoms of which 
the molecule is compoMd. The analysis of the oompound being made, and the atomio weight of 
one of its elements known, the atomic weight of the other can be readily deducted. 

Let us assume, as an example, that it is sought by this process to find the atomic weight of 
oxygen : we combine it with hydrogen, and then determine the specific heat of the water thus 
Ibnned, or rather, we know that it is equal to 1, siooe the specific heat of water has been taken as 
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the unity : an the other hand, the moleonlar weight of the water must be ascertained, and it wiQ 
be found eqoal to 18. Now, as the number 18 contains 3 times 6, we arrive at the conclusion that 
the water contains 3 atoms ; finallj, it is shown by analysis that 18 of water contain 16 of oxygen, 
and 2 of hydrogen. We are, moreover, aware that the weight of an atom of hydrogen is 1 ; we 
must thence conclude that the atom of oxygen weighs 16. For, if it weighed less than 16, there 
would be more than one atom in a molecule of water, and, as the latter already contains 2 atoms of 
hydrogen, it would contain altogether more than 3 atoms, which would be in contradiction with 
the conclusions deduced from the calorific capacity of water. 

It has been seen that, in lieu of dividing 18 by 6 * 666, we divided it only by 6. That is because 
the number P is not absolutely constant, but varies between 6 and 7: so that in selecting 6*666 
we only chose the mean. This, however, does not in any way weaken either the law or the results 
derived from it. The specific heats are only approximate, because it is not possible to teU what 
quantity of caloric a body absorbs in order to expand as well as to become heated, a ouantity 
which increases the specific heat found, and falsifies the result ; but this slight divergence between 
theory and experiment ofiisrs no inconvenience : it tends, it is true, to render the atomic weights 
likewise only approximate; fortunately that approximation is sufficiently great to render the 
analysis of the compounds, into which enter the bodies of which the atomic weights are required, 
all-sufficient in completely establishing the latter. 

If the atomic weight of silver were required, we should divide the number 6*666 by 0*05701, 

6*666 
the specific heat of the metal, and thus we should obtain ^ , ^ - = 117 ; if, on the other hand, we 

combine silver and chlorine, and analyze the chloride of silver, we shall find that that compound 
contains 35 * 5 of chlorine to 108 of silver. 

As 35 '5 represents the atomic weight of chlorine, we may consider this latter to be combined 
with 1, 2, 3, 4 . . . atoms of silver. And, in these several hypotheses, the atomic weight of silver 
would be 108, 54, 27, . . &o. 

Again, we may suppose the chloride of silver to contain only 1 atom of silver, to 2, 3, 4, 5, . . . 
atoms of chlorine, so that the quantity of silver in combination with 35*5 of chlorine would repre- 
sent but i« it i) 4) • • • the weight of its atom. In these several hypotheses the atomic weight of 
sUver would be 216, 324, 432, 540, . . . &o. 

Other hypotheses may be added to the above ; but, be they what they may, they will always 
give for the atomic weight of silver values that differ considerablv from the number 117, found by 
means of the specific heat. There is but one supposition which yields a value in approximate 
harmony with that number, it is the one whence we deduced 108 as the atomic weight : 108 must, 
therefore, be regaided as the true atomic weight of silver. 

The object of chemical notation is to represent the various bodies known by means of brief 
formuliB which shall indicate at once their molecular weight, and their composition both as to 
quality and quantity ; thus enabling the sense of the different reactions that take place to be 
better understood. 

In the construction of these formula a symbol has been adopted that represents the atom 
— not the molecule— of each simple body; such are the symbols used in the Table. These 
symbols are generally obtained by taking the initial letter of the name of the body, thus : O for 
oxygen, ^ for sulphur, and so on. When the names of several bodies commence with the same 
letter, the first letter is then taken to designate that body only that has been longest known ; 
whereas, for the symbol of the others, the tioo first letters of their name are used. For instance, 
sulphur, selenium, silicium, strontium, beginning each with an S, S signifies sulphur, while Se 
represents selenium, ^i silicium, and Si strontium. 

There are, however, some exceptions to this rule : occasionally, instead of using the two first 
letters, the first and one of the letters in the body of the word are taken. Thus, arsenic is 
expressed by As, stannum (tin) by Sn, stibium (antimony) by Sb, and hydrargyrum (mercury) 
byHg. 

Finally, in the same way that some of the symbols are taken from the Latin, like the three 
last, others are borrowed from the German. Thus, the symbol of tungsten is W, from the German 
Wolfram. 

All simple bodies being indicated by a symbol that expresses not only their nature, but also 
their atomic weight, nothing is easier than to represent a compound molecule. The only thing 
needed is to write down, side by side, the several constituent atoms, adding above each one an 
exponent indicative of its number. When that nxunber is equal to 1, the exponent is dispensed 
with. Thus, S Q* implies a compound molecule formed of 1 atom of sulphur and 3 atoms of 
oxygen. 

In symbolic writing it has been agreed to place the most electro-positive of the several com- 
ponents always first. %ut this rule is oidy strictly followed for those compounds that contain but 
two elements. 

It is clear that the formuln of which we are now speaking represent the qualitative compo- 
sition of bodies. It is also clear that they represent their molecular weights. Since a molecule 
can have no other weight than the sum c^ the weights of the atoms contained in it, in order to 
know how, much it weighs, it will suffice to multiply the atomic weight of each element by its 
exponent, and add together the products. Thus, the formula of glycerine toeing & WP O', its 
molecular weight will be equal to 

the weight of 3 atoms of carbon 3x12 = 36 

+ the weight of 8 atoms of hydrogen 8x1=8 

-f the weight of 3 atoms of oxygen 3x16 = 48 

Total .. .. 92 
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Finally, these formolA represezit likewise the oentesimal oompoeition of bodies. Knowinf? the 
quantity of the yarions elements contained in a certain weight of the oompoond — that of its 
molecule, we arriye, by means of a simple proportion, at the knowledge of its centesimal 
composition. 

For example, supposing that we wish to find the centesimal composition of acetic acid ; we 
deduce from its formula^ €^ H^ O', in the first place, that the molecule of this add weighs 60, and 
that it contains 

2 atoms = 24 of carbon, 
4 atoms = 4 of hydrogen, 
and 2 atoms = 32 of oxygen. 

We next lay down the three proportions : — 

« A ^A . n>i .. ^/v/v . »- 24 X 100 24 X 10 

1st. 60 : 24 : : lOO : «, where x = — ^ — = — - — = 40. 

dU o 

4 V 100 4 V 10 

2nd. 60 : 4 :: 100 : », where x = "^ ■ = " = 6-666. 

60 6 

Srd. 60 : 32 :: 100 : », where* = ?^^^ = ^-^ = 53-333. 

We now know in what manner, by the aid of a formula, it is possible to learn the quantitative 
and qualitative composition, as well as the molecular weight, of the compound which it represents. 
It remains to be seen how, with a given body, the formula is to be establUhed ; it is the other side 
of the problem. 

To establish the formula of a compound body, we first of all ascertain by analysis its centesimal 
composition ; then we determine its molecular weight. Our next step is, by a series of proportions, 
to find out the composition of a certain weight of that substance Imown to represent its molecular 
weight. After which wo divide the quantities of its several elements by their atomic weights; 
the quotient shows how many atoms there are of each. Finally, we only have to write down, side 
by side, the symbols expressing the different atoms, beginning with the most electro-positive, and 
to surmount Uiose symbols by an exponent indicating the number of the atoms. 

Let us apply this rule to an example, and suppose that it be required to establish the formula 
for propionic acid. We analyze the acid, and we find that it contains 48*648 centesimals of carbon, 
43*243 of oxygen, and 8*108 of hydrogen. 

Wo next look for its molecular weight, and find it equal to 74. Having done that, we lay down 
the three proportions : — 

1st. 100 : 48*648 : : 74 : X, where x = 35'999, or nearly 36. 
2nd. 100 : 43*243 : : 74 : «, where * = 31 -999, or nearly 32 
Srd. 100 : 8*108 :*. 74 : *, where x = 5*099, or nearly 6. 

So that one molecule of propionic acid weighs 74, and contains 36 of carbon, 32 of oxygen, and 6 of 
hydrogen. 

The weight of one atom of carbon is 12 ; if, then, we divide the weight of that body contained 
in one molecule of propionic acid, that is 36, by 12, we shall have the number of its atoms ; and, as 

--• =r 8, we conclude that it contains 3 atoms of carbon. 

In like manner, the weight of one atom of oxygen being 16, we divide the weight of oxygen 

32 
oontained in the molecule by that number ; that is, -^ = 2 : therefore, propionic acid contains 2 

16 

atoms of oxygen. 

6 
Finally, one atom of hydrogen weighs 1, and as there are 6 of hydrogen, and ^ = 6, we conclude 

that propionio acid contahis 6 atoms of that elomfiat 

Hence the formula for propionic add is 6* H* O'. 

It is sometimes necessary to indicate that a certain number of molecules of a same body take 
part in a reaction. It is then customary to place at the left of the tbrmula a coeiSoient, to express 
that number. Thus, to signify 8 molecules of propionic acid, we write 3 6* M* O*. 

Lastly, in order to render an exact account of the reactionB, it is the practice to represent them 
by means of equations. In these equations the first aide contains the farmulaD of the different 
bodies entering into reaction, preceded by a coefficient indicating how many molecules react ; and 
the second side, which is s^arated from the first by the sign =, contains the ibrmulie of the pro- 
ducts formed by the reaction. As nothing is lost during chemical action, it is dear that the 
second side of the equation must contain strictty all the atoms that existed in the first, only 
difEerentlf grouped. 

To give an example of a chemical equation, we will represent the reaction which flnrea rise to 
ohloiide of potassium, K 1, by means orhydrochloric add, H G I, and of potaaaium K H 0. 

KHe + HOI = KOI + H«e. 

D^,^ Hydro- Chloride 

™^ chloric of W^tor. 

"*>^ add. potauinm. 

The atom of potassium, the two atoms of hydrogen, the atom of oxygen, and the atom of chlorine 
that compose the first sidfl^ are all found in the second tada, but groi^^d in a diflEerent way. 

o 
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The following Table contains a complete list of the elementary bodies known at present 0869). 
Every description of matter which has been examined is made np of these 65 elements, eitiier 
combined together to form compounds, or in an nnoombined or free state. 





ji 


s 


HTOKMns 


:1. 


Atoimte 


Weight of a 
GabicFoot 
hi Ounces 


Names 








of Elements. 


GO 


New 


Aiomlo 


Atomto 


Volumes. 


Avoiidopcrfs. 






sU 


Atomto 
Weights. 


Weights of 
BeneUus. 


Weights of 
UerLudt. 




Waters 
1000 OS. 


AInmininm.. 


Al 


Al 


27-5 


27-39 


13-75 


5-3 


2670 


Antimony .. 


«b 


8b 


122 


129*24 


122 


17*9 


6720 


Arsenio 


As 


As 


75 


75*22 


75-22 


13-3 


5670 


Barium 


Be, 


Ba 


137 


13706 


68-5 


•• .. 


• • 


Bismuth 


U 


Bi 


210 


213*20 


210 • 


K21-2 


9800 


Boron . . 


B 


B 


n 


21*82 


10*9 ; 




• 9 


Bromine 


Br 


Br 


80 


80-10 


80 ' 


25-8 


8190 


Cadmium . . 


Qd 


Cil 


112 


111 -66 


56 


" 6*5 


8690 


Cesium 


Cs 


Cs 


133 


• • 


• • 


> 

• • 


• • 


Calcium 


«a 


Ca 


40 


40-32 


20 


12-6 


1580 


Carbon 








12 


12-04 


22 


8*4 


8520 


Cerium 


^ 


Ce 


92 


• • 


• • 


• • 


• • 


Chlorine 


CI 


CI 


85-5 


35-52 


85-5 


26-7 


1330 


Chromium .. 


•er 


Cr 


52-5 


52-70 


20-26 


3*8 


7010 


Cobalt .. 


^ 


Co 


59 


59*07 


29*5 


8*5 


8510 


Copper . . 
Didymium .. 


Ou 


Cu 


63-5 


63*89 


31-75 


8-6 


8950 


Bt 


Di 


95 


• • 


• • 


• • 


• • 


Erbium 


Erb 


E 


■ 9 


• ■ 


« • 


• • 


■ 9 


Fluorine 


Fl 


P 


19 


18-70 


19 


,'. • 


• • 


Glucinum .. 


ei 


61 


14 


• • 


*• 


2-2 


2100 


Gold .. .. 


▲u 


An 


197 


196-98 


• 9 


10*2 


19340 


Hydrogen ,, 


H 


H 


1 


1 


I 


*-^. 


■ • 


Indium 


In 


In 


35 ^C?) 


• • 


• • 


• • 


•• 


Iodine .. .. 


I 


I 


127 


127-08 


127 


25-7 


4950 


Iridium 


Ir 


It 


198 


197-44 


98-56 


4*5 


21800 


Iron . . • . 


¥e 


Po 


56 


66-17 


28 


8*6 


7840 


Lanthanum . 


in 


La 


92-8 


• • 


m m 


• 9 


• • 


Lead .. .. 


Pb 


Pb 


207 


207-47 


103-5 


9*2 


' 11390 


Lithium 


Li 


Li 


7 


13-08 


7 


11*9 


590 


Magnesium . . 


^ 


Mg 


24 


25-34 


12 


6*9 


1740 


Manganese .. 


Mn 


Mn 


55 


55*23 


27-5 


3*5 


8030 


Mercury .. 


»g 


Hg 


200 


200*52 


100 


7-4 


13600 


Molybdenum 


Mo 


Mc 


96 


95-53 


48 


5*8 


8680 


Nickel .. 


Wi 


Ni 


59 


69-19 


29-5 


8*4 


8820 


Niobium 


Nb 


Nb 


94(?) 


• • 


• • 


•• 


•• 


Nitrogen 


N 


N 


14 


14 02 


14 


•• 


•• 


Norium ;. 


No 


No 


. • 


. • 


m • 


• • 


• • 


Osmium .. 


Ob 


Os 


199 


199-13 


• • 


« . 


• • 


Oxygen 


^ 


O 


16 


16 


16 


« • 


• • 


Pauadium .. 


Pd 


Pd 


106-5 


106*64 


• • 


4*6 


11800 


Phosphorus.. 


P 


P 


81 


81*41 


81 


16*8 


1840 


Platinum .. 


Pt 


Pt 


197-5 


197-44 


98*5 


4*6 


21500 


Potassium .. 


K 


K 


89 


78-47 


39 


45*6 


860 


Rhodium .. 


«h 


Rh 


104-4 


104*48 


• • 


4-7 


11200 


Rubidium .. 


Rb 


Rb 


85-4 


• • 


• 9 


•• 


• • 


Ruthenium . 


41u 


Ru 


104*4 


• • 


• • 


• • 


• • 


Selenium .. 


«e 


Se 


79-5 


79*37 


79-5 


18-4 


4280 


Silicon 


•Si 


81 


28 


44-51 


■ • 


11-2 


2490 


Silyer .. .. 


Ag 


Ag 


108 


216*29 


108 


10*2 


10570 


Sodium 


Na 


Na 


23 


46-43 


23 


23*7 


970 


Strontium .. 


«r 


Sr 


87-5 


87-48 


43-75 


17-2 


2540 


Sulphur 


« 


8 


82 


82-17 


82 


15*2 


2070 


Tantalum .. 


4!a 


Ta 


137-6 


• • 


• • 


■ • 


• • 


Tellurium .. 


gpe 


Te 


129 


128-48 


129 


20-6 


6240 


Terbiiun 


Tr 


Tr 


. • 


• • 


# • 


• • 


• • 


Thallium .. 


Tl 


Tl 


204 


• ■ 


• • 


• 9 


• • 


Thorium 


Th 


Th 


• • 


• • 


• • 


• • 


• • 


Tin .. .. 


&n 


8n 


118 


117-83 


59 


16-2 


7300 


Titanium 


Wi 


Ti 


50 


48*3 


25 


• « 


• • 


Tungsten 


W 


W 


184 


190*44 


92 


6-3 


17900 


Uranium .. 


9 


U 


120 


118*88 


60 


8-3 


18400 


Vanadiimi .. 


V 


V 


137 


137*82 


. • 


• 9 


• * 


Yttrium 


¥t 


Y 


68 


• • 


. • 


• • 


• • 


Zino .. 


ISn 


Zn 


65-2 


65 16 


82*6 


4*6 


7130 


Zirconium .. 


«r 


Zr 


89-6 


67*26 


• f 


• • 


• • 



Spacmo QuMVtrr. Watss s i. 



When waters 1000^ the dedmal point to to be placed to 
tbe Bights ttaree plaoes Of Figmvt. 



2-5— 2-67, Wohler; 2 -67, Deville. 
6-72, Marchand and Scheerer; Kopp. 
5*63, Karsten; 5-67, Herapath. 

9-80, Maichand and Scheerer; 9*78, Kofp. 

Liquid: 3-19, Pierre; 2*99, Lowig. 
8-69, Stromeyer; 8-45, Kopp. 

1*58, Bunsen. 
Diamond : 3 - 52, Brisson. 

Liquid: 1-33, Faraday. 

7*01, Bunsen and Frankland. 

8*49, Brunner; 8*51, Bers^lius. 

8 - 95, Marohand and Scheerer ; 8 * 93, Eoppi 



2-1, Debray. 

19*34. a Rose; 19*26, Brisson. 



4 *95, Gkiy-Lossao 

21-80, Hare. 

7-84, Broling; 7*79, Karsten. 

11 '39, Karsten; 11 -33, Kopp. 

0*59, Bunsen. 

1*74, Bunsen; 1 70, Kopp. 

8*03, Bachmann; 8*01, John. 

Liquid: 13 '60, Regnault, Kopp. 

8-62— 8*64, Buchholz. 

8-60. Brunner; 8 82, Tupputl. 



11-80, Wollaston. 

Vellw: l-84,Schi6tter: 1*83, Kopp. 

21 '5, Wollaston, Berzelius. 

' 86, Ghiy-Lussao and Thenard. 

11*0, Wollaston; 11*2, Cloud. 



Amorphous: 4*28, Schaffgotsch. 

2-49, Wohler. 

10*4, Karsten; 10 57, O. Rose. 

0*97, Gay-Lussac and Thenard. 

2*54, Bunsen. 

Trimetrio .-2-07, Marohand and Scheerer, Kopp. 

6-24, Berzelius; 6* 18, Lowe. 



7*29, Kaisten; 7*30, Kopp. 

17-2, Allen and Aiken; 17-5—18-3, Wohler. 
18-4, Peligot 



7*13, Kopp; 7-1— 7-2, BoUey. 
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The BnooeediBff tabulated form shows at one view where the ordinary sabstanoes, not agreeing 
with the required alphabetical order, are placed, and from what words their resneotiye symbou 
are taken. 



Alwmimwm 

Argentnm (sUver) 

AzB<Bnio 

AQnim(gold) 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Cffisium « 

Calduih .. 

Carbon 

Cerium 

Chlorine 

Chromium .. •* 

Cobalt 

Cuprum (copper) .. 

Diaymium 

Erbium 

Ferrum(iron) 

Fluorine 

Gluoinum 



Al 

if 

Au 

fia 

Bi 

B 

Br 

€d 

Cs 

Ga 

G 

€e 

CI 

€r 

Go 

Gu 

Bi 

Erb 

Fe 

Fl 

ei 



HydrargyruB (mercury) 

Hydrogen 

Indium 

Iodine .. 

Iridium 

Kalium (potassium) .. 
Lanthanum .. .^ 

Lithium , 

Magnesium .. •• •• 

Manganese 

Molybdenum 
Natrium (sodium) 

Nickel 

Niobium « 

Nitrogen 

Norium 

Osmium 

Oxygen 

PaUadium 

Phosphorus 

Platinum 

Plumbum (lead) . . 



In 

I 

Ir 

K 

i^a 

Li 

y^ 

Mn 

Mo 

Na 

Ni 

Nb 

N 

No 

Gs 

G 

Pd 

P 

Pt 

Pb 



Bhodimn 

Rubidium 

Ruthenium 

Selenium 

Silicon 

Stannum(tin) .. 
Stibium (antimony) .. 

Strontium 

Sulphur 

Tantalum 

TeUurium 

Terbium 

Thallium 

Thorium 

Titanium 

Uranium 

Vanadium .. 
Wolfram (tungsten) .. 

Yttrium 

Zinc 

Zirconium 



Hh 
Rb 

Se 

%\ 

8n 

8b 

Sr 

% 

% 

Te 

Tr 

Tl 

Th 

^i 

V 

¥t 
2n 
it 



Prefix^ and Affixes, — ^Hypo-. This term is used to indicate that the substance to which it is 
applied contains less oxygen than the other substance from which the name is derived; thus 
Hyjxmiiric acid contains less oxygen than nitric acid. 'Cua is used to imply less oxygen than the 
termination, -ic ; thus nitrous oxide contains half as much oxygen for its nitrogen as nitrtc oxide. 
Many of the elements are capable of uniting with other elements in seyeral different proportions 
to form chemioid compounds. Sulphur, for example, is specially apt ta form more than one com- 
pound with a single element. When sulphur unites with a metal, the compound formed is called 
a sulphide, just as a compound of oxygen and a metal is called an oxide, or one of chlorine and a 
metal a chloride, — the termination, -ide, which always indicates combination, being added to the 
first syllable of the word sidphur, or oxygen, or chlorine, and the new word ending in ide being 
then connected with the name of the metal, as in the case of sulphide of copper. But when, as in 
the case of calcium, there are several distinct sulphides, it is customary to distinguish one from 
the pther by means of various Latin and Greek prefixes. Thus the compound which contains one 
atom of sulphur and one atom of calcium is the proto-sulphide, or simply the sulphide of calcium, 
the prefix proto- being derived from the Greek word for first ; the compoimd which contains two 
atoms of sulphur to one of calcium is the vbisulphide of calcium, from the Latin for twice ^ and in 
like manner we have a tersulphide, containing three atoms of sulphur to one of calcium, and a 
quinquisulphide containing five atoms of sulphur. The compound containing the highest pro- 
portion of sulphur is often called the j^tfrsulplude. A good custom is to designate the compounds 
which contain more sulphur than the protosulphide by prefixes of Latin origin, and to distinguish 
those which may contain less sulphur than the protosulphide by means of Greek prefixes ; thus, if 
there were a compound of two atoms of calcium and one of sulphur, it would properly be called a 
di-sulphide of calcium, the prefix being from the Greek 8if. The same prenxes are used in an 
analogous manner in connection with the words oxide, chloride, bromide, iodide, and the similar 
words ending in ide. 

Many modem writers on chemistry employ a notation which we append. Some of the symbols 
and contractions of this notation are embodied in the notation we have just explained. 

One equivalent of oxygen ; — ^written above a symbol representing an element, and repeated 

to indicate two, three, or more equivalents; thus, Fe denotes a compound of one equivalent of 
oxygen with one of iron ; S a compound of three equivalents of oxygen with one of sulphur. 

' One equivalent of sulphur; — ^used in the same manner as the preceding; thus, Fe denotes a 
compound of two equivalents of sulphur and one of iron. 

A dash drawn across a symbol having either of the fore^ing signs above it, denotes that two 
equivalents of the substance represented by the symbol are joined with the number of equivalents 

of oxygen or sulphur indicated by the dots or commas ; thus, Fe represents a compound of two 
equivalents of iron and three of oxygen, fonning sesqui-oxide of iron. 

+ indicates, in organic chemistry, a base or alkaloid, when placed above the initial letter of 

the name of the substance ; aa, M, morphine ; Q, quinine. 

— indicates, in organic chemistry, an add, when placed above the initial letter of the name of 

the acid ; aa, 6, citric acid ; T, tartaric acid. 

Each symbol, when used singly, always indicates a single atom or equivalent of the substance 
represented bv it ; thus, O stancu for one atom or equivalent of oxygen, C for a single equivalent 
of carbon, and the others in like manner. A compound body made up of single equivalents of its 
constituents is represented by the two symbols of the respective constituents written side by side ; 

8 
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as, H O, a cxnnpoaiid of one eqnlTElent of hrdn^ton with one of ox jg^ farming water. To ox- 
preta more than one atoni or equivalent of a suliateJice, a number ia nsad, either pr«flsed to 
the symbol, or, more Eommonly, written after it, below the line: aa, 20, or O^ two equivalents of 

A aecondaiy compomid, as a salt, is indicated hy writing the BymbolB of the oanatitnent com- 
pounds one after aouther, with the eipji + between them, the aymbol of the base beine always 
placud first; thus, C^O + C 0, represents aubonate of lime. A oomma is frequently used instead 
of the sIku +, commonly to express a more inlimato union than would bo expressed by that sign. 
Tike period is also sometimes used to indicates union more intimate tban that denoted by tbe HigQ +, 
but lest so than tbat implied by a oomma. A number written before the symbol of a componnd 
desiipiateH a corresponding Dumber of equivalents of that compound ; as, 3 S 0,, three equivalents 
of Bolphurio acid. When ttie formula of the quantity contains several terms, those to which 
tbe fi^^n^ applies are included in parentheses or biaokets, to which the figure is prefixed ,- as 
3 (CaO + S O,). three equiv^euts of sulphate of lime. Bee Eqihtalemts. Hkat. IwMoapHiBu. 

H0I.EOL-LAB VOLCUB. 

ATTEMPEBATOE, is DBEwnia. Pb, AHmp^rateur ; Gbb^ Eine VorriiMmg urn tint 
gUidmOttigt Temptratur tu behalUni Ital., Segtiaton delia lemperatum ; Sfak., Segulador dt 
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of abont 5 io. between them. The spaces hetireen the tubes are filled with spring-water, ice, or 
any freezing mixture of salts or acids. At one end the tnbea are connected by the pipe c, to tbe 
fan d ; at the opposite end they are connected to the pipe t which leads up to the fermenting -tans 
/, branching off directly over each tun, and having a vertical tube g. pierced at the bottom with 
small holes for the exit of air. The supply of air to each tun ia regulated by tbe slide A, so as to 
suit tbe progress of the fermentation. As soon as the fermentation commences, and the yCHat be^i^ns 
to form en the surface of the wort, the fan is put in motion, and a cnrrent of air is thus driven 
through tbe tubes of the attemperator, and caiusd to pass over Uie snr&oe of the wort nntil tha 
fermentation is oompleted. 

TbU atmoi ' ■ ■■ 
b« made in ai 




nTrm 



AUQEB. 



197 



room; b, pipe* lekding from ths Ktiemperafair directlythrongh thenuJUng-raoio, afewfeet abon 

the floor; cc, flexible tubes attached to tbe pipes, 6, Kith roee perforated csps at tha eiidB. Whilst 
the malt is on the floor in proceee of germination, the tempsrature of tho room is regolaled to 
tbat degree of temperature b«at suited for malting, br currents of attemperated air btaa tba 
attemperator diatributad over the surfaoe of the malt on the floni. 

Fig. 432 repreaenla the altemperator invented bv Joabua Crockford, as flied to a vooden mash- 
tun iritb eliding ude^oors and fixed loo^ Buch as is largely used in Burton breweries. It omuiat* 




BUd being flttednith suitable pipes for conducting the vort into and oat of it. When it is 
to raise the temp^uture of the mash, the wort is drown from the tun by the pipe, A ; and the 
centrifugal pomp, B, being set in action, it is raised into the vcMol, D, through the pipe, O. 
Thuro it is hcat^ by the ootion of the steam in the coiled pipes; and then it Is led down througti 
the pipe, B, to the central vessel of the sparger, J, which distributes it over the goods. It will be 
noticed that the pipe, C, condocts the wort to the bottom of the veasel, D, whilst the pipe, E, 
draws off the wort from near the surface, where it is of course hottest. The pipe, F, is tea admit- 
tiog the ordinary supply of hot liquor to the iparger. 

So long OS the pump, B, is in action, a constant current is maintained through the goods, th« 



of time: and in tbe oaseof small brewings, where the loos of heat, from radiation and other c&Dses^ 
■a proportionately very greet, it is particularlT valoable. 

ATTIU. Ph., Orenier, Mantar^ ; OsB., Z)tr Uebtrtati ; Iltu, AtiCco ; BPUr., BaiO trjado. 

Bee BniLDiNO. 

ATWOOD'S UACHTNK Fb, Machine d^AtvMod; Qka., Atvmd JTuciiM /fir AKteigt no 
frevm Fail dcr K6rper i Vitl^ Macchina ^Atvxad j Bfah., JfojHina Jthoxxi. 

See AOCBLBIIATION. 

AUGER. Fb., Tariirt ; Gkb^ ZimmermmnAohrer ; ItIL., TriwOa ; Span., .Biifacfra. 

An a^^er ia an instrument for boring holes, chiefly in wood. It consists of a long ahank or 
axis, having a cutting-edge at one end, and usuall; a handle placed crosswise at the other, b; 
which it is turned with both bands. A pod-auger has a straight obanne! or groove, like the half of 
a bean-pod. A screuMiugir has a twisted blade, by the spiral groove of which the chips are 
discharged. Peculiar augers are employed, termed gnmnd-augeri, fbr boring ariesian tee/in, m 
perfomtiog soils or rocks , instruments of this sort consist of a handle for workisg, a rod whieli 
may be lengthened m the perforation extende, and a bit, mouth, or cutting-piece, ivsemhling the 
bit of a common anger, loi soils or soft rocks ; and a chisel for harder rocks. A bit ia a name 
common to all exchangeable boring tools ; for wood, bits are generally applied by means of a 
crank-formed handle, Imown as the carpenter's brace. The smaller tools used for metal, and applied 
by the bo<c-drill, ratohtt-brace, lathe, or drilling-machine, are termed drills, or driU-bits, Tbe parti- 
oolar namea used to designate Ms are, in moat case*, derived &om their tiiniis and the pnrpoaee for 
which they are employed. For wood, bite tenned tMUiilt ue tkumeiona; the nmpuat form ia 



it fumitun &t an exuDplea. When the 
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end u beot into n Bemicinmlu form horizontall;, it ia then termed a ifiKil-flOM fti'f . The centrt^t, 
ihown in Fig. 134, is another tjpical form, in which the end ia fl»t, provided with a centre point 
or pin, filed trian^arly, whidi aervea u a guide; the amtre-bit haa alao a shearing-edge, oi 
niclier, aerving to cat the fibrea 
round the margia of tho hole, 
and a broad chisel-edge, or cutter, 
to pore anay and temoTe the 
wood within (he circle defined bj 
the nicker. Tho plug centre-bit, 
used chiefly foi making oountet^ 
iinks for cylinder-headed ecrewa ; 
the button-tool, which retaina only 
the centre-pin and nicker, and 
is used for cutting out dieca of 
leather, and of etmilar aub- 
atanoea; theJlute-drtU,tbecvp-key 
drill, the wine-cooper'a bit, are 
all modiflcationa of the txntrt-bit. 
The half-round bit. ahown in Fig. 
135, ia employed in enlarging 
holes in metal, and ia ns^ll; 
fixed vertically, or worked bv a 
latba The cutting end of this 
bit ia ground with an inclined 
plane, trom 8° to 6° from the 
perpendicular, according to tho 
hardncas of the metal to be bored. 
The roM-Mt ia ahown in Fig. 436 ; 
it is cylindrical, and terminatea 
Q B buncated cone, the obliqao 



•nrface of which ia cot into 
teeth, like the roae-omntatiHi, 
of which it U a modification. 
The r<»t-M ii often Dsed fw 
anlarging holea of ooniidBrabl« 
depth in metals. 

Flgi. 137, *38, 439, 440, Ml, refer to Banaom Cook's machine for turning the lipB of angers. In 
nring this machine the oam-lerer c is flnt raised to nearly a vertical poaltion, thoa allowing the 
obmu A to open. An auger or bit, with the lipa shaped as shown in Pig. 441, being wd-hot, is 
placed in one of tho orimprng-dicB o, with the lipa projecting beyond the di^ and towaids tha 
wrenoh. Figs. 437, 488. The nppor end of the cam-lever is then brought qniokl; down, thus 
forcing the other oijmping-die against the aneer, and firmly holding it betweeD the two dies. A 
qoick turn ia given to the icrew-aban /, which brings the wrench in the hnb of the vreoah-wheel d 




AUGEB. 



199 



442. 



into an embrace with the end of the anger, the oentre of which enters the hole in the wrench, 
while the lips pass into the slots on its side. One of the handles of the wrench-wheels is then 
seized by the operator, and turned towards himself, when the wrench, keeping the anger straight 
by means of its hold of the centre, tnms or bends the lips into the desired position, both being 
turned at the same time and to the same angle, 
while the shoulders of both are left in the same 
line. 

Grier and Boyd's-machine for making angeiv 
bits is shown in Fig. 442. The revolving and 
longitudinally-moving shaft L B, has a recess 
in its end for holding and twisting the blank, 
in connection with a series of dies arranged to 
clasp and hold the anger as fast as it is twisted ; 
thus completing the process in one operation. 
The rotating-shaft B has a hole in it made 
longitudinally, of proper size and form, to re- 
ceive the blank and hold it while being twisted 
and drawn out. The tongs L, having suitably 
constructed jaws, act in combination with the 
shaft B. is a screw so arranged as to impart 
to the shaft B an intermittent longitudinal 
movement during the operation of twisting the 
blank, so that both twisting the blank and 
setting the lips are done in one operation. 

Fig. 448 represents a machine for swaging the heads of screw-angers, invented by B. Jennings. 
The jaws of the gripping-dies arc arranged vertically— one stationary, and the other movable ; 
their faces grasp the twisted auger, and present the upper end to a hammer, which awagea the 
points and lips at one blow. Tho heading-die is operatea by the rotating-shaft B, through the 
medium of the loose driving-wheel E, provided with the pins g, the sliding-wheel F, placed on a 
sliding-rod H, and the fixed inclined lip a. The forming-die consists of the portions L L D, con- 
structed and arranged as shown in Fig. 443. The heading-die D, mould L. toggle M, and 
operating mechanism, are so arranged that the driving-shaft B may, at the will ox the operator, be 
connected with, or disconnected from, the continually rotating driving-wheel E. 





Fig. 444 illnstrates the principles upon which a simple and Ingenions machine, for forminf^ the 
twist of auger^blanks, is constructed. This device, patented by Mary Tower, consists of a series of 
pairs of circular metallic plates, G, K, superimposed on each other, each plate having a peculiarly 
shaped mortioe through the centre, and provided also with projecting and overlapping studs upon 
its periphery. When these plates are arranged in certain positions, the central mortices correspond 
with each other, and admit the flat bar of metal, previously heated, of which the auger is to be 
made ; the upper plate is then turned round, with a continuous movement, until each plate has, 
by means of contact of the projectiug studs with each other, been forced to assume the position 
required for imparting to the metal the necessary twist. 

Jennings' double-twisted pod-auger is shown in Fig. 445; this instrument has two >loor-/ijpt 
B, B, whidi project beyond the positions in which they have heretofore been placed ; and the spur 
o, instead of oemg situated at the outer front comer of the cutting-edge of the floor-lip, where the 
latter, from its necessary thinness, is weakest, is projected from its hinder part, or heel, where it 
is strongest. A new relation between the cuttmg-edge of the floor-lip and the spur is thus 
efleoted. so that the one does not interfere with the operation of the other. Hence the cuttinff- 
edges of a double-twist auger-bit are so formed, that the cutting-edges of the lOorerB and ohiael do 
not inteneol the worm or helix of tho ahftft A at tho flame point. 
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The abip-nnger, ahown in FIga. 4M, t47, has Uie cutting pDrticm B oT the tager attMhed to the 
3rew portion b; means of a dme-lail notch, farmed hj the shoulder b, inclined end d, dowel /, and 
mew e. Thia method of oonstmction was Invented bj' J. W. Hoagland. 

The expanding But;er-bit of L. H. Oibba is Bbown in Figs. 448, 449, 450, 491. In thig instra- 
lent the plate B ut received into the slot D in the aoger A ; uid by Insertiiig the lover pin g into 
ne of the series of holes in the plate B, the onttiag-Iip j on the plate B can be set further out or 
iB to bore larger or smoUer holea. This invention cooaieti of the adjustable plate B, with 
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Figs. 452, 453, fUoetrate C. W. Cotton's method of securing augers to handles by having m 
metallic tube B placed around tbe centre of the handle, a tranaverae rectangular taper-hole tt, 
made through the handle and tabo, and a metallic band C, placed around the tube B, and turning 
iooseljr on it ; the band C having slots c d, made through it, a part of tbe slot d being taper ; then, 
the shank of the auger being placed in the hole a. and through the slots c d in the band, tbe shank 
is secured to the handle by Inrning tbe band, which causes the edges of the taper portion of the 
slot d to pass into the notches /, /, of the shank. 

Figs. 454, 455. 45G, 4ST, represent a giraUt or anger handle, invented by G, H. Talbot. This 
inventor does not claim the method of giving a revolving aotion, in either direction, to the boring- 




tool b^ reversible pawls and ratchets, as such arrangement Is oonimon to driU-itocJa, His 
invention oonaiats in forming gimlet or anger handles so intemally arranged, that when the 
preasnre of (he hand is applied on both sides of the axial line of the bit, and under the Dsual 
elatch of the hand over the centre line, the aooompanying devices present do obstruction, but are 
protected &om injury or deraueement, as shown in Figs. 456, 457. 

A mode of securing broce-bils in their sockets, proposed by EL, W. Nichols, is shown in Figs. 
45S, 459. The bit R is represented as being fastened to the stock S. To loosen the bit, the not a 
is tnrned, thus eorewing down the shank of tbe spring, until the projection B of the spring ipriiu:* 
back into the recess c, in the stock, when the hit may be drawn out. The pin g enters a gniave m 
the onteideof tike nnt a, which serves to confine a to the end of tbe stock. 
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Fig. *60 thowi a gronnd^nger, inTeotod by Dsvid Bing. It eonsifiti of two nmlcircolar dins, 
D ftnd^E, of Bteel, each famlahed at the ende of ita Btrftigbt-edgo with ontten E and J, one pointiM 
npwarda, the other downwards. The outtor oan be expanded by means of alota / in the diBca, 
throagh which the confiaing-sorewa are pasKd into the cutter-heads at the bottom of the ahaR - 
(he latter in fnmiahed with a gimlet-point, to facilitate its entrance into the eaith. 

Fig, 461 repregonts a hollow auger, invented bj WyohofT. The cattera A A toe each only half 
(be width of the kerf, and are provided with two or more projecting eatting-points C and D 
M arranged as to cut in parallel but ooncentric planca. ' 

Another hollow auger, ioTenled by J. MoClure, ia «liown in Pig. 463. In this the cnltera cao 
bo adjosted to diiTerent aizes of tenonaby memiB of inclined cutter-bearing pieces, sliding upon 



inoltDed sapportiiiK-pi 



OMubinatioii with a reoeding cen(re b. 




Fig. 462 allows » (oot fbr Onlihlng Angen, biTented by B. Jenninga. It Mndsta of k wheel oi 
bnrr, having » barelled snrfaoe a on one side, and a semicjionlar edge, oormnted (o fonn a teriea 
of ontten b, whioh ha?e a radial w DMtly iMial poattion, and extend &odi the inner edge of a to 
the onter edge of the Mme. Thtae ontten ue pUoed entirelr wound (be senuoironlar peripherr 
of tlie wheel, and aot In ocanbination with (he amoave snrfaoe « b( the opposite side of the wheel. 

Fig. 464 represents an aogei invented by H. T. Love. This diffen from oommon augera, in 
having (be ontting floor-lips eemicitcloid in form on their onttiitg-edgea, thew edgea forming an 
obtnse angle with the axis of the auger. 

The aneer Invented by E. C. Oiltett oonsuts of a cam-deeve 0, Fig. 46S, in oombination with a 
aloUed ihan O and the fiat, notched thank tl of an anger B. It is so ananged, that tba ahank of 
the anger will slide into the long slot in the abaft, through the cam-sleeve, which ia then tamed 
till It catches into the notches in the Sat ahank of the anger, and holds it fast in the shafL 

Hardening Stttl-ctitling Toait.-~\jij tabatanoe which oombinee chemically with iron will tmpsit 
hardness to iti but the presenoe of carbon is required in order to produce that peculiarity, 
_„n «— . ! 1..-.1. -,8 observe in SO high a di ...".. . - . ■ . 



softness after U 



a degree in steel. Other snbstanoes, whioh 

. . _, ^ ._. .__ier, effect on iron than carbon; snob are 

tnlpbnr, or anenlo, and lierliaps othen : but no other substance is more available and more perfectly 
" " 1 for this purpose toan CMbon. When the difference between hardened and temgered steel is 
d by caiM» or any other ■nbstanoe, in ohemlcal onion in the hardened, and in menhaninal 
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admixture in tempered steel, it is evident that this condition must be dependent upon tempe- 
rature or other agencies. German steel manufactured at a high heat requires a white heat for 
hardening, and its carbon is so firmly united to the iron that tMs kind of steel may be welded to 
it with great facility. Befined shear steel, which has been much heated and hammered, will 
bear, next to Grerman steel, the highest heat in hardening and welding. Ordinary cast steel will 
bear less than shear steel, and is welded with difficulty; the finest cast steel will bear the least 
degree of it, and cannot be welded to iron by the common process. This shows that a large 
quantity of foreign substances cause the steel to be more fusible, and to bear less heat in har- 
dening. The degree of heat by which the chemical union of carbon and iron is accomplished is, 
therefore, not permanent ; it yaries with the fusibility of the metal. This we obsenre as well in 
cast iron as in ail other metallic alloys. The change in the constitution of steel may be produced 
at very low temperatures, indeed at almost any temperature. The finest edge and a hi^h degree 
of hardness are produced by the mere hammering of steel ; and, if the above theory of the consti- 
tution of hardened and tempered steel is correct, the mechanical mixture of carbon and iron in 
tempered steel is converted into a chemical compound by mere compression. We recognize this 
fact in drawing wire, sheet iron, or in hammering iron, or any other metfd or alloy. In these 
operations a large quantity of heat is liberated by compression, which may in some measure 
account for the metamorphosis ; but we find that when the compression is very rapid, and brought 
about by great force, the phenomenon attending its application is similar to that of a strong heat, 
— the metal becomes extremely brittle. The best edge, and consequently the highest degree of 
cohesion and compactness in steel, is produced by striking a small bar of tempered steel with a 
small steel luunmer, on a cold polishea steel anvil, so as to avoid any considerable or nerceptible 
increase of heat. If this operation is performed on a square bar of steel, by means of a hammer of 
the smallest size, of one or two ounces weight, and the comer of the steel thus compressed is 
ground down so as to remove the surface which has been touched by the hammer, we obtain an 
edge which cannot be surpassed for fineness by any other means of hardening. This shows that 
haraening may be performed by a variety of means, and that heat is not absolutely necessary. 
The strong cohesion of the metal is the cause of this phenomenon ; and by whatever means we 
produce the dose contact of the particles of metal and carbon, we secure hardness. These 
refiections serve to explain the manipulations which are employed in the manufacture of steel. 

The common means by which steel is hardened are well known ; these form no part of our 
investigations ; but we may remark here that it is not so much the degree of heat to which steel 
is exposed before chilling it, as the difference of temperature between tho cooling medium and the 
heat of the metal, together with the heat-conducting capacity of tho refrigerator. Experiments 
have shown that little is gained by substituting other fiuids than pure water for hardening steeL 
This is an entirely practical operation : the temperature of water may be in all Instances the 
same, and fresh common spring water, or river water, is as good as any other fluid. But as the 
liability of steel to lose some of its component parts increases with tho heat to which it is exposed, 
and as, near its smelting point, it assumes -the nature of cast iron, it is found necessary, in order 
to preserve its original character, to perform the hardening operation at the lowest possible heat ; 
•for these reasons, water as cold as possible is used ; and as, by plimging the hot metal into it, an 
atmosphere of steam is formed around it, which is a bad conductor of heat, either the metal or the 
water ought to be moved, to expose the hot metal to renewed action of the cold particles. The appli- 
cation of acids or salts for hardening is injurious to steel, however good conductors of heat such 
solutions are. Some of the fluid will always penetrate the metal and cause its decomposition. The 
use of oil or fat for this purpose is, if not equally prejudicial, at least of little benefit. That fiuids 
penetrate metals, and pturtioularly iron, is shown in wire factories : when iron wire is cleaned, after 
annealing, in diluted sulphuric acid, which is, by neutralization and washing, as far removed as 
practicable, it retains always some of the acid, which causes the wire to be brittle when fresh. 
An exposure of the wire to the atmosphere for some time removes the acid, and therefore the 
cause of brittleness. Wire thus cleaned by acids is often permanently injured in its strength, 
which does not happen witii wire which is cleaned by the ola method, with sand and water. 

Annealing Steel for Cutting-tools, — It has been recommended, and it is ako practicable in some 
instances, to modify the heat of the metal and the cooling medium for haraening, so that the 
contact of the two produces the required degree of hardness. A uniform degree of heat cannot be 
applied to all kinds of steel ; and since the mode and time of heating is also important, and the 
fiuid refrigerator cannot be uniform in composition and temperature, it is easily understood that 
this method of hardening cannot be universal. The common mode^ and perhaps the best one for 
hardening, is to expose the steel to such a degree of heat, and so to cool it in water, that it 
assumes the highest degree of hardness, and then temper by exposure to a moderate heat. 

A variety ^ means nave been proposed for tempering hardened steel, such as melted fusible 
metals, lead and alloys of lead, heated fat or oil. When we refiect on the nature of steel, we soon 
find that the various kinds require different degrees of heat, by which they assume a definite 
texture or hardness, and that neither a certain degree of heat nor a certain colour of its tempered 
surface will indicate the actual condition of the steel. The operations on steel are of so delicate 
a nature that they cannot be brought under general rules — they are entirely dependent on the skill 
of the practical man ; no language can impart that information which is applicable in all cases. 
The following statements are for tiieee reasons to be oonsidered as relatively true, and not 9» 
generally apj^cable. 

Steel which has been hardened to the extreme should be exposed to a heat of 400^ for chirur- 
gical instruments, such as lancets — it assumes tilien a faint yellow colour on its polished surface ; 
to 425^ for razors, which tempers it yellow ; to 432° for penlmives, which it also tempers yellow ; 
to 468° for scissors and cold chisels—the colour is brown-yeUow ; to 49CP for edge-tools and 
common cutlery— colour purole ; to 508° for table-knives^oolour also purple ; to 530° for small 
springs and weapons . to 537° for large springs, sawsi aiders— the oobur is oloe ; to 580° for large 
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flaws, the oolotur of which it tempen to dark blue ; beyond 600^ steel becomes black, is annealod 
and soft. Steel which reanires a high degree of heat for hardening, demands also more heat for 
tempering than that which hardens at a lower degree of heat ; and steel expoeed to a tempering 
heat of a certain degree for a length of time, increases in softness, even when the intensity of heat 
is not increased. 

The colonr of steel in the fresh fracture is white, like deadened silver. When tempered, 
it becomes more grey ; and when annealed, it is grey, but the intensity depends on the kind of 
steel or amount of carbon. In all cases, the hardened, as well as the annealed steel, should not 
exhibit to the eye, even when aided by a lens, any crystallization. Hardened steel shows a little 
higher lustre than annealed steel. In making these distinctions, we should always regard ham- 
mering as equal to hardening by heat and refingeration. 

8teel is not very ductile. When cold, it will not bear much alteration of form, and when 
heated, it is, in some kinds, equal to iron. Cast steel will not bear much bending. German steel, 
shear steel, and all kinds of hammered steel, are more ductile when hot than those kinds which 
have been less subjected to compression. 

The degrees of heat at which steel melts vary considerably : German steel requires the highest 
heat for melting — this may be about 8600° ; the best kinds of cast steel will melt at considerably 
less, or about 2800°. 

Oxygen has little effect on hardened steel ; still, white cast iron, with much carbon, is superior 
to steel in resisting oxidation. The pure white colour of hardened steel, and its susceptibility of 
being oxidized when heated, cause the beautiful colours of tempered steel. When heated under a 
cover of oil, these colours do not appear ; or, when such coloured and heated steel is brought into 
an atmosphere of hydrogen, the colour also disappears. This shows that colour is caused by 
oxidation, and that, in tempering steel under a coating of oil, extreme caution is required to hit 
the proper point of heat. These colours proceed from a coating of oxide, which, in its extreme 
thinness, causes the yeUow, and when thick, blue ; and finally, it becomes opaque and black. 
Acids facilitate the formation of these colours ; alkalies delay or prevent them altogether. Pure 
iron requires a higher heat, to show the same colour, than steel : the best steel, and luso white cast 
iron, show the series of colours at comparatiTely the lowest degree of heat. These tests may be 
arranged in the following order : — 

Very faint yellow, for lancets temp, from 400° to 430° Fah. 

Pale straw yellow, for razors and scalpels „ 430° to 450° „ 

Full yellow, for penknives and chisels „ 470° to 480° „ 

„ for cast iron .. .. 470° „ 

firown, for scissors and chisels temp, about 490° „ 

,, for wrought iron 495° „ 

Red, for carpenters' tools in general .. .. temp. 510° to 520° „ 

Purple, for nne watch-springs and table-knives temp, about 530° „ 

Bright blue, for swords and lock-springs .. .. .. .. „ 550^ „ 

Full blue, for daggers, fine saws, and needles .. temp. 560° „ 

Dark blue, for common saws .. temp, about 600^ „ 

See Hakd-tools. 

AWL. Fb., AUne ; Geb., Ahie, Pfrieme ; Ital., Lesina ; Span., Leina. 

An awl is a pointed instrument for piercing small holes, as in leather or wood. The blade is 
differently shaped and differently pointed for different uses, as in the brad-awl, saddler's-awl, 
shoemaker's-awl, and so on. .^ 

Fig. 466 shows the method of fastening an awl ' ^^^ 

into the haft, invented by B. Egan. A metal ^*<«*' ' ' ^^ ^^ 

socket-piece B forms the end of the haft A, to _^J^B^k ^^^i 

which it is attached by means of a stout tongue ^ .y' ^^Sk ^^^ w ^ J 

screwed into Uie haft. This socket has an internal ^ ^^— ,,^^ ?^^ ^"""^-Il^^y /^\J 

screw, which is formed to receive the threaded C -^uj^e^^^^^^^^ 

shank of the awl O. 

AXE. Fb., ^TocAtf ; Geb., .ixj; Ital., iloce^ i9cttr«; Spak., ^ocAa. 

An axe is an instrument, usually of iron, with a steel edge or blade, for hewing and chopping 
wood. See Haivd-Tools. 

AXIS. Fb., Ax€ ; Geb., Ackse ; Ital., Aaae, 

The straight line, real or imaginary, passing through a body, on which it revolves, or may be 
supposed to revolve, is termed an axis. Bee Mechanioal Powebb. 

AXLE-GBEASE. Fb., Graisse (Tesnw; Geb., LagenchnUere s Ital^ UtUwne; Spah., Groua^ 
6 gordura pora eje. 

See Antifbiotiok Metal. Fbiotiok. 

AXLES. Fb., Essieu; Gee., WelUf Ital.. &^; Span., Ej0, 

An axle or axle-tree is a trtmsverse bar or shaft, connecting the ntne$ of the opposite wheels of 
a car or carriage. Bail way axles are termed leading and tracing, from their position in the front or 
in the rear of a oar or trucic, respectively. The journal-box of an axle is caUed an axle-box, 

Thomas Thomeycroft, in a ^per read before the Institute of Mechanical Engineers, considers 
an axle as having certain relations to a girder in principle. Girders generally have their two ends 
resting on two pomts of support, and the load is either located at fixed distances frcm the props, or 
dispersed over the whole surface : just so with the axle; it hasitsnoints of support and its loaded 
parts ; but it is not clearly evident which are the loaded parts and which the props. It is found 
that the inclined surface of the wheel-tire ranges from 1 in 12 to 1 in 20, ana, consequently, 
the direct tendency of the wheels under a load is to descend that incline, so that every vertical 
blow which the wheels may receive is compounded of two forces, namely, the one to crush 
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the wheels in the direotion of their Tertieal plane, and the other to moTe the lower parts of the 
wheels together: it will be seen that these two forces have a direct tendency to bend the axle 
somewhere between tho wheels; should that yielding, or bending, extend no farther than one-half 
the elastic limit, if long continued, fracture will ultimately taJke place ; but should the elastic 
limit be exceeded, the axle takes a permanent bend, the wheels are then diverted from their 
vertical plane, and, as a matter of course, leave the rails. To demonstrate this, an axle reduced 
in the middle to 3} in. diameter was placed upon two props 4 ft. 9 in. apart, and loaded in the 
middle: the utmost of its deflection, without a permanent set, was ' 232 in., the load carried 7 tons. 
An axlo reduced to 4 in. in tho middle was then placed upon the props 4 ft. 9 in. apart : Its utmost 
deflection, without a permanent set, was 281 in., the load carried 9 tons. Another axle, but 
parallel, 4^ in. diameter, was next placed upon the props 4 ft. 9 in. apart : its utmost deflection, 
without a permanent set, was 848 in., the load carried 14 tons. Hence, by reducing an axle of 
4^ in. diameter in the middle to 3| in., its limit of elasticity is reduced from 843 in. to 232 in., 
and the load required to produce that elasticity is from 14 to 7 tons. Fig. 467 shows the poaitiQii 
of the wheels to the rails when the bending of the axle has exceeded its elastic limit. 
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To ascertain what inflnenee the redaetian of an axle in the middle would have on its strength 
to resist sudden impact, compared to an unreduced one, an axle was made as represented by Fig. 
468, which shows the end A parallel to the centre 4^ in. diameter, and the end B drawn down 
from the back of the wheel towards the centre, where it is 4 in. diameter. The end A was sub- 
jected to impact— the relative position of prop and ram was the back of the wheel and the neck of 
the journal ; this end received forty-six blows of the ram, and bent to an angle of 18°. The end B 
was then subjected to impact— the prop and ram in the same relative position, when it bent bade to 
an angle of 23° with only sixteen blows of the ram, as shown by the dotted lines in Fig. 468. To 
ascertain what influence a shoulder behind the wheel would have on the strength of the axle at 
that part compared to one without a shoulder, an axle was cut in two, Figs. 470, 471, the end B 
turned firom the nedc of the journal, leaving a shoulder ^th in. deep as a stop to the wheel ; and 
the end F turned &om Uie neck of the journal to the same diameter, but no shoulder left. The 
end E was subjected to hy(b%ulio pressure, the load being in a direct line with the shoulder, when 
it broke in two with a load of 60 tons. The end F was subjected in the same way to hydraulic 
pressure, when it bent into the form shown b^ the dotted lines with 84 tons. To ascertain what 
influence the position of the wheel in relation to the neck of the journal would have on tho 
strength of the latter under impact, a piece of an axle, Fig. 469, was prepared, with a journal 
taken down at each end, the end G keyed into a cast-iron frame, and the face of the frame in a 
line with the neck of the journal ; the journal was then subjected to the impact of a ram falling 
10 ft., when it broke off at the seventh blow. The end H was keyed into the oast-iron frame in 
the same way, but with the neck of the journal projecting 1^ in. from the face of the frame ; tho 
journal was then subjected to the impact of the same ram falling 10 ft., when it broke at the 
twenty-fourth blow. 

From these experiments, and from the acknowledged deteriorating influence of vibration or 
bending on iron, especially when continued any great length of time, it la Thomeycroft's opinion 
that neither shafts nor railway-axles ought to be reduced in the middle, but rather, if there is to 
be a departure from the pandlel form, they should be made thickest in tiie middle, and thus 
effectually prevent any vibration or bending whatever. 

In the discussion which followed upon Thomeycroft's paper, E. A. Cowper said that Thomey* 
crofVs conclusions were arrived at. by experiment, unaided by theory. If A B, Fig. 472, is token 
as the axis of a railway-axle, A and B as the centres of the journals, and C as the centre of one 
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tlie switches and croseingg in pasaing throngb them : and this ie so much greater than the n 
weight on the axle, that it must be coneidered chiefly ia determining the fonn of an axle ; if, 
therefore, the Fig. A G B D were reversed on itEflf, the outline thns given would represent tho 
pioportiocate strength of an axle, as at F F, which is fullj in accordance with the oHnal tapered 
ibim of axles. Tht actual diamctcrt can be easily arrived at, by taking tho cube root of the width. 
J. RamBbottam, in the (tame discuBaioo, ooueidered that whether in the case of axles or 
machinery of any kind, there must be en error in the proportions if any one oaald say beforehand 
at what point a fiaotore was likely to occur. Ha could only oonceive one instance in railway 
practice where axles should be parcel, and that was in the case where the forces were applied in 
a line directly parallel to the axle; as at A A, Fig. 473. If a p«ii of wheels ate nmning, lot 




a raiU eoDTerging to ajpoint, the axle should be parallel, since the effect of ths 
leverage' is the same at all points B B between the wheels. But there is another and more 
important force rcsnlting from a lateral blow upon one wheel only, ooanled with the load of the 
vehicleon the axle, the direction of which will be tolerablj well indicated by a line CD, Fig, 474, 
drawn from the circumference of the wheel on one side to the centre of the journal on the other 
side ; and if the line F F is drawn perpendicular to this, fnmi the axle close to the wheel, it will 
represent the greatest effective leverage, tending to break or strain the axle at that point ; and the 
■train upon any other point of the axle ma; be found by drawing lines O G parallel to this ; in 
tact, the cube roots of these lines will give the distmeter OC the axle at the points where thej &1L 

To obtain the advantage of the shoulder .„ 

at the inner side of the boss without weaken- 
ing tho axle, A, Slate has suggested the 
intnidaction of a small shonlder inside the 
boM of the wheel near the outer side, see A, 
Kft. 479. Tho wheel has to be bored out a 
tiglit fit and forced on to the axle by ■ 
hydranlio preas, Imt tho first, II in. from the 
inner aide, must be slightly coned, as abown 
at B, so aa to remove the grip on the axle 
from the extreme edge dr the boss, and 



edge 
prevent the tendenoyol the axle to break at 
that point. 

Vig. 476 is a longitudinal seotion, and 
onployed on the North-Kent line. The top of 




can bo inspected, aod a new bress applied, without lifting the carriage. The book of 
lud the axle is cast with a ronnd-eilged projecting lip B B. A plate of metal 0, 
liole fitting the axle, is secured by bolts to tho back of the box, with a piece of leather 



of the box a 

the box round tl 

with centre liole fitting the axle, is secured by b 

D D, the orifloe of which is enlarged into a partial pipe-form round the axle, t^ „ 

bearing -luriaoe. This leather preaoeB equally on the axlo and on the hp of the box, and thoi a 
tight joint is maintaiued, which preserves the grease without overflowing above the level of the 
b^tom of the axle. The bolt-tioles in the melal plate are vertical and oblong, so that when the 
upper bearing-brass weois. and causes a corresponding wear in the plate and leather, and oiniM- 
qoent leak below, the two latter may he drawn upwards to fit the lower part of the axle. At the 
top of the box there is a sctew-tap E, for feeding, with holes through it to admit the ingress and 
ognat of air. This tap servee to feed an upper chamber F, with holes to the axle as usual ; this 
hp also leeds the lower chamber Q, which, in uldition, catohea the greaM that falls through from 
the upper chamber bv the working of the axle. A piece of hard wood H is applied between the 
end of the axle and tie front of the bos, to prevent wear of the shonlder-ooUar of tho bearing- 
braas. Two collars of light wood I, I, float on the oil or grease in contact with the lower nde of 
the axle, and thus carry up the Inbrioatitig material, if it hi^pens to be below the level o* J^ 
•lie. Figa. 478, 479 an a longitsdinal iection and back view, showing an upper and Iowot feed 
of an ixle and axle-box. To retain the oil or gresMe, a conical metal spriDg G ii inserted in a 
mm^nding olrenlar gnoTe at the back of the bos ; by id elastio expuoidon it prcMsa against 



ft strip of leather lining the grocm, and thus fonnB ft tight joist. The small ond of the emi««l 
epring dips a leather pipe^mlUr D D, flttel on the ftile, which ooUar may either revolTe with th« 
axle In the bhibII end of the apring, or it taag be fixed to the spring, oud the axle Terolre within 





■pace between the spring and the axle maj be filled with sponge oi ootton-waate. Figs. 4S0, ifil, 




chow ft longitudinal sectioQ and bach view of an axle-box on a similar ftnangement, in which ft 
conical pipe of blocked leather G, is secured to the boi-lip bv an elastic ring D D, similar to a 
ke;-rin^ and dipped to the axle by a second ring E £. Both the spring cone and leatlier cone 
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will, bjAuu free aotioti, MMommodAteftDjlTTeKolsr morement of theI>ox,uid prerentlooM wear 
tietireeii the metal plate and leather. In all cases nhere anj material oinnes in ooutact with the 
isTolving aila, it is essential that the luiface be properlj Bmoothed, that the praesure be as light 
as may Ira conTenient, and the lubrication certain. Fig. 480, in addition to the axle-box artaiJEO> 
meat, ahows a mode of applying movable jonrnala to aile-amu, either new or old. Tbaa £0 
jODnuU A A, may be fbrgod down to a taper, with the object of extending the distance of the 
bearing from the nheel. or of increasing the diameter of the axle-bearing. The movable bearing 
B B, may be of WTDUght iron or of cftBt iron, well got np and ciut-hanStied ; and manofaotiireis 
might be enabled to anpply cheaply a superior class of axle-boxes and axle-bearings. ThU 
arrangement eoold be well adapted to the hoUow axle shown in Figs, 182,433, Mid it also enablea 




I dirt and nreaerring the bath ot grease, it mnat 
■) dose to tiie wheel-boesea, that the leather pipe- 
baring oome into general nse^ it is difficolt to 



eonttruotnn, at eosiporatiTely small oos^ to replace axles, when rendered miMLft by long nmnlng 
and much vibrating. 

It should be remarked that it is desirable in oil cases to get the axle-beoiingi as long as Is eon- 
feslent, even when not required for beartng-guifiioe, for the foUowing reasons : — The pomts of the 
qirings which support the hames are at a considerable elevation above the axle-bearing, and act 
xith mischievous leveratfc to tilt the axle-boxes latenlly to the carriage, when the whoel-Sangea 
■bike the rail. It is evident that unless there be some proportion in the length of bearing to Uie 
height oi the spring, there will be a great strain upon the gnaids of the axle-boxes to keep them 

The axle-box deambed above Is the first application of the principle of retaining the greaae 01 
oil, b* closing in the back of the box. 

Uany similar oontrivanoea have sinoe been brought out by varions other petsons for the pnr- 
poee of retsiuiiig tbe grease in the aJde-boies, but it appears that the original application of 
{he principle was due te W. B. Adams, in Uay, 1847. (See ' Proceedings of the Institution of 
Mecbani«d Engineers,' April 27, X858.J There does not appear to be vety loateriol variation in 
any (rf the suboMjueiit plant. 

Aa to the praotieal meobaninn for keeping out dirt and n 
vary with ciraumstaneea. Uany axle-boxea are so close to th 
collar Is the onlv piactieal arrangement; and having oorae into general n . 
ohan^it; but W. B. Adams prefers the elastio metal oollan,0 0, abown Id tigs. 47B and 482, 
pressing npon leather pipe-eoUars D D. 

The object aooght Is to form a tight joint between the box and tbe axle, whieh are both 
eipoeed to rough jolts and a tilting movement of the box on the axle ; therefore the medinm to 
fnun the joint uiould be flexible, and not liable to be put out of order. 

The mode of lubrication from above the bearing has one objection, in the liability to accident 
by dirt getting on the arm, and from the holea wasting a most important part of the bearing- 
Bur&oe ; but W, B, Adams thinks it preferable te retain this amD^ement, keeping the holes 
■mall, as it renders a security incaseofaoy accident happening to the lower reeerroir. 

Two forms of journal are shown in the dianami ; one the donble cone, Figs. 480 and 482 ; the 
other the ordinary cylindrical joitmal with ooSan, Figo. 476 and 478. There is an advantage In 
the double cone with the small diameter in the eenfre of the bearing, that it bas a tendency to 
cause (he lubricating Said to press outwards from the centre while In rapid motion. The cylin- 
drical bearing between collars has also this disadvantage, that tbe box, is not kept in Its podtioQ 
by gravity, but by a very small collar-surface, which, being vertical, does not retain the lubricating 
fluid so easily as the horizontal surfaoe ; and, moreover, by its larger diameter bas a tendency te 
throw it off by centrifugal action. Where the boxes flt tightly to the guards, tbe collar-bearing* 
are frequently subject to rapid wear; and lateral throat is more destructive than tbe downward 
preesureof the load. Thesniall rounded comersnext theooUara, intended to prevent the "nicking" 
or breaking of the axle, are of little service to give the box a ceutripetal tendency. Tbe cylindrical 
bearing has tl^e advantage, that the beariog-Burface is not lessoned by end play; and with the 
axle working in a bath of lubricating material, tbe collars will at all times be nfe. In either 
csM^ of the ooDo or the oyliuler, it Is clear that the lubricating bath below will be the safest 
preoautioD against heating. As regard* the strength of the axle, ths coned journal has the 
advantage by its gradual tapering ionn, suppoaing an equal amount of metal in both casea. ,The 
fitting <«t the bewing-brasB to tbe Jonmal ia a matter of greater nioety with the oone than with 
tbe oTlindei. Witheyliwlrkaljoimials tbaosnal praotice i^ to make the bewiog-hnM of oob- 
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ddenbl7 Urger ndloi thHi the jonnul, ao that it beus od » venr gnuJl nirfiiae, which wean to » 
poliah, and gradoallr extends to the half diameter. In point of fact, railwa; beariDra are made 
to grind thenuelvee to a true fit or vnak, iiuteod of being aoooiatel; groaDd and fitted befotehaad, 
•a u the OMe with nicei maehiiterj. 

In the axle-box. Fig. 461. the lid vibratM on a hinge, and la aeonred abore by a diie on the 
axis of tbo handle, engaging a recess on the nppei edge of the box. The floor of the oil-chambei . 
is infiined upwards and autwarda, and has a loose 
perfotated fnune to hold the packing. In this 
arrangoment of J. Montgomery, shown in the 
flgnia, the lid A of the jonmal-boi C, U hiiiged 
below and secured b; a handle B and jamming- 
earn b; C is the loose or Mngedraok frame, placed 
inside the axle^x O. 

W. G. Crafg, of Hanoheeter, in a paper pub- 
lished in tbo ■ ProoeedingB of the Inelittition of 
Meohanioal Engineers,' observes that in axle- 
boxes the principal defeat ia in the seats for the / / 

gnn-metal beatings. Tbeea are arranged in vari- V, i _ • 

€mB ways, but all involring expenaive fltling of i^^ 

the bearings Into their places to secure tneni 

from getting loose, notwithslanding which Ihej 

freqnentlj torn on one aide, oa represented at A, In Fig. 485, and are also liable to drop ont of 

tbeir places entirely and remain in tho bottom of the tude-box, canaing the journal to oome in 

contact with Iha ca«t-irou box, which is soon ttestroyed, as In the example shown in Fig. 186^ 





which la one out of a large number of siioilaT cases. In many losianees the jonmals are cmn- 
pletely twisted off. These ocourrencaa neceeaarilj cause great dehijs to trains, and require tha 
carriage or wagon to be aent into the workahops for repair. In order to prevent the brasses btm 
coming oat of their places, they are cast witli deep sides, and not unfreqnently riveted to the 
axl»-boies: but the consequenoe of this is, that when the brass warms, its aides grip the journal, 
and soon cause tho beartog to heat. 

Another defect in axle-boxes is in the mode of lubricating, which tends to create the oril of 
hot jonmals before the remedy can act This arises from the thickness of the metal that forma 
the seat of the bearing and bottom of the grease-cbamher, which in many caaea amounts, together 
with the bearing, to two inches thicknoas above the journal, and must be heated Ibningh by 
fVictlon before the grease can be brought down to lubricate tho bearing. In numeroua inatanoes, 
from the metal becoming overheated, the grease ia rendered fluid, and runa ont and is wasted. 

Another disadvantage ia that, from the carelessness of workmen, the holes for the passage of 
the grease through tho axle-box and bearing are often not made to oorreapond, and the Sow of 
grease to the journal U consequently abBtmoted. It is also difUctJt to clean out such boles when 
required, to do which properly invclvos a oonelderable loss of time, and the evil arising from not 
httquently picking them ont is a total stoppage of the lubricating material, causing ont jonmals. 

Another difficulty is that of getting the grease to the back of the grease-chamber to lubricate 
the Inner collar. This is now done by the greaser pressing back the grease with his knife, when 
time admits, and is generftUf only imperf^i^ McompUslied whilst the carriages are temporarily 
stopped at a station. 
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Fnrtber, the number of porta belonging to the axlo-boiea now In general uml bolti 
leather packL^, and bo on, »U infolve expensive fitting, And &re eubjeot to beque 



L. bolts, nnta, 

placement. 

Id the aile-boi grease-coren, again, tbere is a oonstant rattling udIm with all iron coven that 
are irithoiit springs, and the; nften require repaii from being made slight, and the hinges being 
streined; and with the sliding arrangement, the covert get lost in transit, and grit and other 
foreign matter then mix vrith the grease, and produce not axles, either bj stopping up the 
lubricating holes, or by coming in contact with the jonmal. An objection also to iron covers is, 
that during the aummer months the; quickl; conduct the sun's heat to the grease and cause it to 
ron to waste. 

In tbe spring Sttinga, W. G. Ci«Ig state* that all arrangements are defective where bolt^ 
nnta, or screwed spring-clips are used for fixing the spring to the axle-box, as tbese are nut found 
sufficient to retain the spring in position in ordinary concussions, entailing the frequent loss of 
bolts and nuts, and at times of the whole spring. It is also objectionable for the ends of the 
spring to bear asainst fixed shoes fastened to the Bo[e-bars, since the spring, on elongating, cause* 
the ends to rub TiBrd upon the shoo, which wears a recess bi it, and also wears the top plale of the 
spring: the result is that a slionlder is formed upon the shoe, and in many instances the spring 
cuts the body of the shoe entirely away and bears upon the wood, as represented at U B, Fig. 
465, which is an exact copy of one of the many so found on the Manchester, Ijheffleld, and Lin- 
oolnshire Railway , in all such cases the spring ia prevented from acting beyond the limit of tho 
■honldsr formed on the shoe. Amongst the methods adopted to remedy this defect, the spring 
ends have been softened and bent downwards to fit the shoe, and the too plate of the spring has 
been thickened to allow for wear ; the former plan bas been abandoned as inefficient, and the 
lattra, which is now generallv in nse, is snbject to the objection before named. 

The foiluree of the axle-Mxe*, bearings, grease-eovers, and spring fittings described abov<^ 
involve a serious item in the worUng expense*: and &om his eicorienoe of the causes producing 
those failures, W. Q, CnJg wm led to adopt the oonatraotlon ol axle-box and spring fittings, wbicA 
we shall now deaoritte. 

The improved sxle-box I* oast In one piece to avoid all expensive fitting of leather packing, 
bolts, nnts, and *o on ; the mode of lubricating through the axle-box seat ny means of holes i* 
dispensed with, and the labrieation is effected direct through the gun-nietal bearing. All 
npensive flttiog of the bearing is avoided by casting an oblong hole in tbe Mtle-box seat, to 
»MJv«a ptojeottonO.Fig*.187uidl8S,OMtnpoatbatopof thebeariDgi the** can then be put 






toother as they oome f^om the fonndr;, a slight looeeneas being of little eonsequenoe, dnoe the 
pojecting mece completely prevents the DOssibility of the bearing turning ou one side, as at A, 
Fig. 485. This axle-box ia also much lignter than the ordinary oonstruction, and all bolts and 
nuts are dispensed with, excepting the two bolts that fasten tbe undei-keep. 

The projection cast on the top of the bearing is made hollow, and, paasing tbrongh the oblong 
hole in the seat of the axle-box into the greaso-chamber above, supports either the cap of the 
axle-box, as iu Fig. 487, or the under-side of the spring itself, as in Fig. 488. By this means is 
eiuured not only the impossibility of the brass turning, but also the perfect lubrication of the 
journal through the large aperture in the projection, which brings the grease in direct communi- 
cation with it, so that a very small increase of temperature is sufficient to cause its perfect lubri- 
cation. In this oase the cast iron of the axle-box is never required to get hot in order to soften 
the grease, that being one of tbe chief cause* of hot journals. A further advantage obtained 
by the projecting piece on the top of the bearing is, that the brass may be made of a sallow form, 
XI that it will never require its sides to be reduced to prevent them from cli[iping the jonmaL 
,.. ^ «_.._ L__ .,...., . , ... s— jrentfom '- - ' 



In the grease-coven, W. G. Craig has adopted two plans to suit diflTerent fo 



3f springs. In 



n oblong recess upon it, extending upwards, which receive* the grease above the level of tho 
grease-chamber, and is fitted with a wooden ping or plunger E, secured by a chain to the wagon. 
In plaes of the ordinary iron cover or elide ; the grease being thus introduced above the level of 
the grease-dkamber ensures the perfbot lubrication of the whole bearing, being foroed by the 
pressore of the plunger into the recesses at the back of the bras*. 

The second modification of improved grease-cover, shown in Figs. 487 ssd 4S9, is e(»nbined 
with an improved spring-fixing ; a wrought-iiou plate is employed, about -f^iha in. thick, and of 
■nffloient alze to project over the axle-box top about | in. all round ; an opening is made in the 
pUte to admit the grease, and two other opening* to receive tbe ends of the spring-<:lipF, to which 
theplateiaseanredby acoHsr. On the to- -"^- -'-'-'- "—^ - -' '— -j -^ ,_ .>..-i_ 



le lop of Uie plate is fixed a piece of wood, about 1 in. thick. 



SIO 



BACK. 



on whloli Ib screwed on oblong awting, siiniliir to the oblong rcccas in Fig. 487, having ft wooden 
ping E to St tho oponing ; the advantago of thin 07rengenic;nt is, that thia portion of the grewe- 
oover can bo replaced when bioken, without having occaaion to lift the wagon. 

The improved apring-fiiiog oonBiats of a simple and cheap contrivance in combination with the 
axle-box; a piece of iron F, jin. thick, and tho same width aa the spriog, Ib simplj bent over the 
spring to form aclip, Fig. 489, allowing the ends to project to form cotter-holes, and to fit into tho 
cover of the greaB(M^hambe^. Two oottera fasten the clip tightly to the spring, and are cut bo aa to 
wirreBpond with the length of the gtcaae-chamber, by which meana they are prevented from getting 
loose. The cotters form the two aides of an oblong receas on tlio undor-Bide of the cover, and 
receive between them tho projecting hollow piece C on tho-top of the brasfl, as in Fig. 488. A 
piece of wood or india-rubber Is ina^tod between the trnder-sido of tlie spring and the top of the 
projection C, to form o cushion for tho spring. 

A modlHeation of the improved apring-fixing, for application to existing stock, is made by flxing 
two pieces of iron, about S in. wid& and the length ol the width of the spring, and about jtbs in. 
thick, by means of the bolt throngh the centre of tho ntring ; on each side of these pieces la Bied 
a welded hoop of iron, 1 in. by ( in as a'aupport for Uie centre of ttie spring, in addition to the 
ordinary smaH rivet passing through the apnng, and a ocmeBpCAidiiig recees is made od the cast- 
iron cover of the grease-chamber. 

The fittings at tho ends of the springs are improved by making the shoes O Q, Figs. 490 and 
491, to slide on a metal bed H, about | in. thick, and of snffieient length to allow of the ^J of 
the spring with the Bliding-shoea attached. 




The plate H is fixed on the tmdeMlde of the eole-bar, materially rtrengthening the wagon, 
and the aliding-shoea have grooved sides to secure them to the plate. Tho apring is connected to 
the shoe by a bolt passing throngh the side cheeks of tho shoe and the spring-eye, tho object being 
to retain tho spring attached to the wagoo, when the jooRutla require examination, thus saving 
oonsiilerable expense and time in lifting. 

The sliding-shoe maintatna the perfect action of the spriDga, and their working is, in oon- 
sequenoe, so easy, as to be almost equal to that of a flnt-class carriage fitted with aw^-irons, if 
the same length of apring is used in each. 

AXLE-BOX. Fa., BoiU a graiae; Oeb., SckmieriSchu ; iTiL., Boioloio delFuntmu; Span., 
Onja dcU tie. 

An axle-box is the jonmal-boz of an axle, especially a railway axle. Sec Axlo. 

AXLE-TREE. Pa., TauriOon; Oeb., WagmackK, Itu.., Sola ; Sput., F-je. 

An axle-tree is a fixed transrerse bar of wood or iron supporting a carriaj^o, on the rounded 
ends ofwUch the opposite wheek tevolve. See Axles. 

BABBITS METAL. Fa., Uetai de Babbit ; Gsa., Baibo^s MetaU ; Ital., L«ga BMOi. 

Bee Allots. 



BACK. Fb_ ArrUn ; Gas., flucfen ; Ital^ /? dlttro ; SpjUI., Alna, 
Bach. — Of a hand-rail or rafter, the upper part. Of a stone, the part opwwite 
When the stone is used as a facing to a brick wall, it is squared at the t>ack ; bnt if the wall ia 



built ot rubble work the hack of the stone is left rongh, as it comee from the quarry. 

Back, in Brevring. — See Bfabqeb. 

Back-fiap. — A leaf hinged to a window-shutter. In order that the shatter may fold back to 
enable It to fit into the atda^Mtxings. Baok-fiaps, in the beat work, are framed in panels, but in 
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inferior work they are formed of one piece ; in either case they are made of leas thickneBS than tho 
shutter, usually an inch when tho latter is from 1^ to 1^ in. 

Back-day is a term applied to a day, the wages of which are usually kept in arrear. If the 
workmen are paid on Saturday, their wages are made up to the previous evening. When a work- 
man quits his employment, he is said to take his " baok-day," that is, to require his account to be 
closed. 493. 

Back-hearth, — ^The part under the grate, of a stone or an iron hearth to a 
fireplace. 

Back-joint, — ^That part of the back of a stone step, dressed to fit into the 
rebate of the upper step, as a a, Fjg. 492. When there is no rebate, the part 
of the under-side of the step, dressed to fit over the edge of the lower step, is 
oSlled the back-joint. It is usually from 1 to 2 in. wide. 

The term is also applied to the part of the back-«dge of a landing or step against which a wood 
or paved fiooriabuts, and which is dressed to make a close joint. 

Back-lining of a Boxing, — The piece of framing which forms the back part of the boxing. It 
should be tongued to the architrave grounds at one edge, and to the inside Iming of the sash-frame 
at the other. 493, 

Back-iining of a Saah-frame. — ^The part of a cased aash-frame x. / ,.,.,.,, 

next tho wall, opposite the pulley-stile. /y ^ ' ''^^ ^.r^»- 

Back of a Window^-^The part between the sOl of the sash- ^^^^ ./y^ ^^^^ -^^-. 
frame and the floor. When this part is recessed into the wall, tLj/^ 
the sides are called elbows. See Fig. 493. 

BACKER. Fb., Ardoite a dossier; Geb., Unterschiefer ; Ital., Lavagna stretta, 

A narrow slate laid on the back of a broad, square-headed slate, at the spot where a ooune of 
dates begins to diminish in width, is called a backer. 

BACK-LASH. Fb., Jeu; Geb., Todter Gang, Spidrown; Ital., Betrooolpo. 

See BBAonoN. 

BACK-UNKS. 

See Paballel Motion. 

BACKING. Fb., Remplage; Geb., FQUung; Ital., Eipieno; Span., Sipio. 

Backing is the hearting or internal mass of a wall faced with material of a superior quality. 
The filling over the haunches of a vault or arch is also termed the backing. Filling with earth or 
other material behind a wall to strengthen it against heavy shocks, as behhid a tea-wiU or between 
the walls of a traverse, is termed backing up. 

Backings are slips of wood, fixed against rough walls, to which are attached wood linings or 
other finishings. 

BACKWATER. Fb., Eau dormante; Geb., Stauwasser; Span., Bemaneo, 

Water held back in a stream or reservoir by some obstruction, or water thrown back by the 
turning of a water-wheel. Lb called backwater. 

BADIGEON. Fb., Badigeon ; Geb., Kitt aus Steinetavb und Gyps ; Ital., Stucco ; Span., Betun, 

Badigeon is the name given to any mixture for stopping holes in stone or wood work, for the 
purpose of hiding defects. The badigeon used for stonework is composed of plaster and freestone, 
well mixed and ground together. The badigeon employed fi>r woodwork is sawdust and strong 
glue, or putty and chalk. 

BAG. 

A bag is a measure reckoned equal to a Winchester bushel striked, or 2150*42 cub. in. 
Twenty-five bushels or bags make a hundred, or ton, of lime. A bag of plaster of Paris is reckoned 
at 14 lbs., and eight bags equal a bushel nearly. 

BALANCE. Fb., Balance ; Geb., Wage ; Ital., Bilancia ; Span., Balanxa. 

An apparatus for weighing bodies is termed a balance; in its original and simplest form. 
Fig. 494, it consists of a beam or lever AB, suspended exactly in the middle, O, with a scale or 
bann of predBely cquoal weight, hung to each extremity A, B. 

In the balance, Fig. 494, where any two equal weights whatever, placed one at each extremity, 
are to be in equilibnum, it is requisite, first, that the balance preserve its equilibrium when it 
carries no weights: secondly, that the two arms be of equal 494. 

length. For, lot M, N, be the moments of the two parts of q 

the balance when it has no weights appended; a, 6, the ^^ 

lengths of the two aims; P, P, tne weights which are in y ' 

equilibrium upon it. Then, we must have M + P a = T 

N -J. P b; whence, P (6 - a) = M - N. And, sine© the I 

equation must hold, whatever be the value of P, we have, k 

necessarily, M = N, a s 6. If either of the two specified /\ 

conditions is wanting, the balance ia said to be false ; but it ^ ^y I I y V 
may still be made to serve justly to determine the weight. ^ ^^ I ^ ^ 

For the first defect is easily corrected, by giving an equi- f 1 ^A I 1 

poise to the naked balance, through the addition, in one of y I \\ y J 

the scales, of such a weight as will produce an equilibrium, ^^sss:^^ i — I ^ ^ 

The second defect is obviated by placing the body to be 1 ' ' -y 

weighed, first in one scale and then in the other ; its just r ^ ■ ''"' t 

weieht will be a mean nroportional between the two different * 
mari^ed weights, that have served to balance it. For if the weight P, placed snooessively in 

the two scales, is balanced by the two weights Q, Q', we shall have { p x 6 = Q' x «}♦ ^^®°°®> 

by multiplying these equations together, we have P* = Q X Q', and henoo the weight of P becomes 
Imown in terms of the registered weights Q, Q'. 

P 2 
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There is also another mode of mftldng a false balance serve exactly to ascertain the equality 
of two weights. This method, invented by Borda, consists in placing the two weights snoceasively 
in the same scale of the balance, and counterpoising them by the same weight placed in the 
other scale. If the two weights have, in the two successive weighings, been in equilibrium 
with the same counterpoise, they are necessarily equal to one another. Let the firat weight 
be P, and let it be in equilibrium with the marked weight Q. We cannot conclude at once that 
P = Q, because we are supposed not to be sure of the justness of the balance. Let the second 
weight be P', and let this, also, be in equilibrium with the same marked weight Q ; and here, too, 
for the same reason, we cannot say that P' = Q. But we may, with certainty, afijrm that P = P'; 
because these two weights, being in equilibrium with the same marked weight Q, under the same 
oiroumstanoes, cannot but be equal. If P be a known standard weight, say of 100 lbs., and P' an 
irregular piece of metal, the weight of which was sought, then we know that P' = 100 lbs., without 
knowing the weight of Q. Since it is physicallv impossible to secure, with the utmost degree of 
precision, the penect equality of the lengths of the arms, A O, OB, Fig. 494, and of the moments 
M, N, it will always be well to employ tMs method of two weighings, when it is wished scrupulously 
to ascertain the true weight of a quantity according to a given stand of weights. 

The first method gives also the relations of the arms of the beam to each other. The body to 
be weighed is placed on one of the scale-boards, and counterbalanced by marked weights ; let P 
be the weight thus obtained. The body is then placed on the other scale-board ; let Q be the 
weight necessary to produce equilibrium. If Q be equal to P, then it is exactly the weight of 
the Dody. If this be not the case, let x be the weight of the body to be weighed and a and 6 the 
lengths of the arms. In the first instance xa = l?b; [1] and in the second «& = Qo, [2]. 

If these equations be multiplied member by member, and the common factors a and b can- 
celled, the result will be d:> = P Q, whence « = ^^PQ, [3] ; that is to say, that the real weight of 
a body is the geometrical mean between the weights found in the above manner. We obtain in 



addition, by dividing equatiaa [1] by equation [2], the result -^ = 



Q7,or^ = ^,orlastiy 









, [4] ; therefore the arms of the beam stand in the same relation to each other as the 



square roots of the weights which were placed at the extremities of the opposite arms. From 

d X d P . 

the third and fourth equations can be deduced -r = tt* oi" t = — • If| for instance, P = 1^*850 

Q b X 

and Q = 1^*362, then x = 1^*85598, or nearly^ = 1^-356, and % = '995594, or |-r= -996 nearly. 

^ b b 

In order that a balance be just, it Lb not sufScient tfiat the two equal weights are in equilibrium; 

but the inequality of weight must also have the power to overcome the friction of the fulcrum. 

For this purpose the beam must encounter no resistance in its revolution round the fixed point, 

496. 





or there must be no friction between the beam and its 
supports ; for any friction would necessitate an increased 
weight of the body to produce equilibrium. In exact 
balances, the beam is supported, upon polished surfaces 
of steel or agate, by steel blaaes, Fig. 495. By this 
means the friction is reduced to a fninimnTn. 

The perfection of the balance, and the facility of 
managing it, require other conditions. In the first 
place, for every, the smallest, inequity of the two 
weights, the needle of the balance should slowly incline 
itself, stopping in a position oblique to the horizon, with- 
out going completeljr down. Further, if the balance is 
in a state of equilibrium, and if the needle is accidentally 
made to incline itself^ it ought not to stop in that inclined position, nor completely to go down, 
but slowly to reassume its vertical position. 

The fulfilment of these conditions depends, above all, upon the relative position of the throe 
points O, C, G, Fig. 496, of which O is the centre of motion, G the centre of gravity of the beam 
of the balance, C the intersection of the vertical line O G with the horizontal line A B, which joins 
the points of suspension of the two scales. 

The most advantageous situation of the three points O, C, G, is readily determined from the 
succeeding derived equations. The equilibrium of a balance having been disturbed, by the 
additicm of a very small weight p to one of the equal weights P, P, that are weighed in it, to 
determine the inclination, which will thence ensue, in the neeSdle of the balance. 

Suppose that, hj the addition of the small weight ;> to the weight P, hanging horn the point 
B, the beam passes into the position aOb; and let the angle AOa =iBOb = QOg = 0, and the 
angle AOO = BOO = a; and from the points a, 6, g, let there be drawn ah^bk^gi, perpendicular 
to O G, and let M be the weight of the be»m. 

Then, for the balance to be in equUibritun in the position a O 5, we must have 

PxaA.hMxflrt = (P.hi))x6*; [Y], 
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Now, a A = A O sin. (a + 9) =? A O sin. a 000. 9 + A O Bin. B 00s. a 
= AOooe. 0+OOsin. 6; 
6 A = A O Bin. (a — 0) = A O sin. a 00s. 9 ~ A O Bin. 9 00s. a 

r= A C COB. 6—00 Bin. B ; 
^ « = O G Bin. e. 
Substitatinfl' theae Talues in [IQ, the equation of eqnilibrimn, we flhall havey 

tan.e= py^^O 

(2P+i))OC+MxOG* 
or putting M' for the weight of the loaded balanoe, bo that H' = M + 2 P + P, we shall have more 
briefly 



tan. 9 = 



px AO 

M'xOO + MxCG' 

The mobility of the balance, therefore, will be the greater, the longer are its arms, the nearer 

D X A. O 

together are the three points 0, 0, G, and the less it is loaded. If O = 0, then, tan. = ^ ^^ ; 

and consequently the mobility of the balance is the same, whatever be the load which it carries. 
If, at the same time, = zero, and G = zero, so that the three points O, 0, G, coincide, then 
tan. 9 = 00 or infinity ; and then for every, the smallest, derangement of the equilibrium, the 
needle of the balance will go down, and describe a quadrant of a circle, so as itself to become 
horizontal. And if O and G were negative, tan. 9 would become negative, and the needle, 
still going down, would describe more than the quadrant of a circle. It is evident that these 
constructions of the balance are faulty. 

If the needle or pointer of a balance, which is in perfect equilibrium, be made to incline at the 
angle 0, to find the force with which the beam tends to resume the position of equilibrium. Let 
8 be the tnoment of inbbtia^ of the loaded balance, with respect to the axis of motion. The 
accelerating force, with which the beam will tend to turn rouna in the direction a A 6 B, to plaoe 
itself again in the position A O B, will be 

^Pxa*-^xt* + Mxg< See iNHWiA, moment of. 

And substitiiting the values of a A, 6 il, ^ t, belore found, the force sought is foimd to be 

"°'^(2PxOO + MxOG) 



S 
sin. B 

"8" 



(M'xOO + MxOG). 



It must be observed, in computing the moment of Inertia 6. that the masses of the weights P, P. 
which hang freely from the points A, B, must be understood to be concentered in these points. If 
O = O G = zero, the restoring fbrce vanishes ; in that case, the balanoe is said to be indolent ; 
indeed li stops altogether, the needle resting indifferently In any position. But if O and G 
are negative, the restoring force is negative ; and then the balance is said to be unstable, because, 
for every, the smallest, inclination of the pointer, instead of resuming the position of equilibrium, 
it deviates more and more from it, and goes completely down. 

The weight of the beam may be considered as applied to the centre of gravity G. Figs. 497, 
498. If this point be removed from the perpendicular to G', by a slight movement of tne beam, it 



497. 
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will be raised. The foroe of gravity causing it to descend, the beam will incline to return to its 
first position, which it will retain after a series of oscillations. This third position is the one 
which should be adopted. 

The centre of gravity of the beam must not, however, be situated too far below the axis of 
suspension ; for we should then have a so-called inert balance. This is easily accounted for. Let 
A B be the points of suspension of the s(»le-boards, and let them be placed in a horizontal line 
passing through the point of suspension O, or, more exactlv, through the axis of suspension. 

Suppose a weight P be applied to A, and a weight P'-f /> to B. Let g be the weight of the 
beam, which may be considered as applied to G. The excess of weight p applied to B will firstly 
lower the arm O B of the beam ; but if this excess be not too great, the beam will soon attain a 
certain position A' B', where it will finally remain in equilibrium after several oscillations ; this 
position can be determined. 

If G' be the new position of the point G, draw the horizontal G'l, and the perpendiculars A'O 
and B' D. Oonsidering the moments of the forces with regard to the point O, and taking into 
account the direction of the rotation which each fbrce tends to produce, the result will be 

(P + p) X O D = P X 00 + ^ X G'l. [5] 

But A OB being a straight line, the same as A OB, and the arms A'O and B'O of the beam 
being equal, it follows that OO is equal to O D ; the terms PxODandPxOO disappear from 
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tho above equation, leavinep x O D = 9 X G'l. If 8 be the distance G or G' 0; 6 the length 
O B or O A of the arm of tne beam, and » the angle B O B' or its equal G O G', then 

O D = 6 00s. « and G' I = 8 sin. «. 
The condition of equilibrium then becomes ph cos. « = 9 8 sin. «, from which is deduced 

tan. a = '^ ; [6]. It is, therefore, evident that if the distance G O or 8 be too great, the value of 

98 

tan. «, and consequently of «, for the same excess of weight p, might be very small ; the beam 
would then remain in equilibriuiiLin a position but little different from its primitive position, with 
which it might be confounded. The balance would, therefore, not be sensible enougn. 

The angle a mav be regarded as the measure of sensibility of the balance ; it will increase 
as the weight q of tne beam diminishes, as the arm 6 lengthens, and as Uie distance 8 from the 
centre of gravity of the beam to the axis of suspension becomes shorter. In precise balances, 
the distance from the centre of gravity of the beiun to the axis of suspension can be changed by 
means of a nut £ moving up and down a screw, the axis of which is perpendicular to the direction 
of the beam, Fig. 495. The angle described by the beam is indicated by a needle, fixed perpen- 
dicularly ; the end of this needle moves round a graduated arc. It is now evident that, by placing 
the points of support A and B in a horizontal line, passing through the axis of suspension, the 
sensibility of the balance does not become affected by the weight to be estimated. It is by virtue 
of this fact that the terms P x O D and P X O C disappear from the equations of tiie moments. 
The case would be altered if the point O were above or below the horizontal A B : the lengths O D 
and O would then no longer be equal ; the weight P would remain in the equation, conse- 
quently the angle a, and with it the sensibility of the balance, would depend upon the weight of 
tne scale-boards. To diminJBh as much as possible the friction, the scale-boards are suspended by 
hooks resting on blades at the extremity of the beam, as seen in Fig. 494. 

The lever-balance, Fig. 499, is also a lever of the first order. The materials to be weighed are 

E laced in a scale-board, suspended at the extremity B of one of the arms of the beam ; and equi- 
brium is established by means of a slider A, which moves along the other arm. If the beam be 
suspended in such a manner that the friction may be omitted, as shown in tho figure, and if the 
centre of gravity of the beam lie in a perpendicular from the point of suspension O, equilibrium 
will ensue when P is the weight of the materials to be weighed and p that of the slider, 

O A 
Px OB=i)X O A, whence P=i)X -p-^ , 

The quantities P and O A being constant, it is evident that the weight Q is proportional to 
the distance O M between the slider and the point of suspension. For convenience, the arm O B 
is divided into a certain number of equal parts, at each of which is marked the weight which pro- 
duces equilibrium when the dider is at that spot. This kind of balance has sometmies two rm^ 
for suspension, and consequently two corresponding systems of blades ; one or the other ring is 
used, according to the nature of the substances to be weighed ; if these be light, the ring farther 
from the point B, to which the scale-board is attached, is used. For heavy matters, the ring 
nearer B is employed. The arm A, in this case is divided in two different manners. 

4M. &OO. 601. 
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Balance, ifomm^.— An apparatus invented by Didion to measure directly the moment of 
the weight of a ballistic pendulum with regard to the axis of suspension. This apparatus was 
adopted in 1857 for testing powder in powder manufactories in France. It consists of a bent lever 
BCD, Fig. 500, in which the arms G B and C D are equal, and form an angle slightly greater than 
a right angle. At the extremity B of one of the arms is joined, by means of blades, an inclined 
rod T, which can be fixed or jointed to the ballistic pendulum ; at the extremity D of the other 
arm is jointed, also by means of blades, a second rod, 8up}K>rting a scale-board for the reception of 
weights. The bent lever rests at G upon a support M, which can be fixed to the structure ocaring 
the pendulum. This support can be moved either in a direction paraUel to the arm C B, or in a 
direction perpendicular to it, by moving the screws V or V. Let O A, Fig. 601, be the perpen- 
dicular from tho point of suspension of the ballistic pendulum, containing the centre of gravity G. 
suppose the straight line O G A brought to the position O G' A', forming an acute angle a; a rod 
A B, jointed at A' to the pendulum and at B to one of the arms of the balance, is placed perpen- 
dicularly to O A', and maJLes consequently an angle a with tho horizon. The bent lever is so 
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eoDEtmoted that when the ftrm CBiiplMed p«r»Ucl loOA', the otbeiumCDU horliontal, or 

the angle BCD in equal to ItCf + a. In the Bcale-board aiupended to D & wcip;hi ia plaeed 
(nfBoient to maiataui sqnilibrium in the position just indicated ; this neight will givo the weight 
¥ of the peniMnm, applied at G)', in relation to the point of snspenBJon O. 

ThB Ihmi I of thid apparatua ia eoallf nndeistood. Take, flnitly, the eqnilibrinm of the pen> 
diahnn and the momenta of the forces acting apou it, with regard to the aiis through O. Tho 
mupeoaion being effected by mease of blades, tba reactioD of the mpporta nay bo considered aa 
lero; there then remain but the moment of the weight P and the moment of the reaction B 
exeioiaed at A' b; the rod. In the direction A'B; if we make OA = L and OG = f, we got 
Flaa.a^RU [1] 

Take, secondly, the equilibrium of the rod A' B ; let B' be the reaction exercised on the rod, 
at B, by the bent lever, and let 7 be the weight of the rod, applied to its ceutte of gravity i ; U we 
more tho forces B, B' and g in the direction A' B, wo shall obtain 

B + 5 sin, B = B'. [2] 

Then tho rod recelvee from the pendnlom a reaction H eqnnl and opposite to that which it eierta 
on the psndnliun. 

Take, lastly, the equjlihrium of the bent lever, and take tho moments with regard to tho axis 
through C ; the moments of the reaction of the supports may hero also be considered as zero, as 
well as tho friction of the blades at B and D. The moment of tho reaction B', exercised at B, by 
the rod A' B, must bo rendered equal to the sum of tho moments of the weight p of the eoalc-board 
Huspended at D, and nf the weight ■ of the lovers, applied to the centre of gravity g. If \ be the 
length of the lever-arm C B, \' that of tho arm G D, very little diflurcut from a, and t the distance 
g C, the point 3 lying in the bisecting line of the angle BCD, then 

B' A = J'X' + - J 008. (45° + J a). [3] 

By eliminating B and B' from eqnaticau [1], [2], and [3], and BeeUng the value of the 
"■ -eftnd;— 

«.<45=+U)]-aL. [*3 

In the balance for moment, constructed according to Didion's design, b = 5° W 21", whence 
8b.o = 01 and ooe. (45° + } o) = 0-6708. Also x = x' = 0"-2, therefore 

P;=10L(p + 3'354iB)-5L. -QS] 

This apparatus gives the moment Pf within at least ono ten-thousandth oTita value. But it ii 
of the greatett importance that the arms of the lever be exactly equal, and that their length be 
known, for an error of on&-tenth of a millimetre in one of their lengths would give rise to an error 
of one fiv»-hundredth in the caJenlation of the moment lought. In order to teat the equality of the 
lever-aims, the bent lever should be placed in two poeitiona, so that each arm occupies alternately 
a borismtal poeitioD; if the anna wereoneqaal, two different weights ji and ;i' would be necessary 
to prodnce eqnilibniim ioMohcaee. If this be the case, Didion enbstitates for p, i^ pp' ; but this 
TUM, which u exact when applied totheoommon balance, ia here only approximative. See 'Traits 
d'Artillerie,' par Didion. 

A Wtighias MacMae is a balance employed chiefly in abopa, warehoneeB, and railway for weigh- 
ing heavy weights. The beam ABC, Fig. 502, moves round a horizontal axis passing throngh 
; at the extremity C is suspended the scale-board in which the weight p, destined to prodnoe 

auilibrium with the weight P, is placed. The weight to be detennined is placed on a horizontal^ 
^ ine D B, to which is attached on one aide a vertical partition E F, to protect the balance from' 
injury ; this is fastened to a horizontal bar T, the end <^ which U shown in the figure, bj obliqne 
bars G G. T is suspended from the short arm of tho beam by a rod B ; D E also rests at I upon a 
lever E L, movable at 1 and suspended by the rod L A from another point A of the same arm of 
the beam. The lower part of the machine is enclosed in a case, which is omitted in the figure. 
The lnwcT stage MN supports the blade K, upon which tho lever KL turns: and the vertical 
partition N Q supports the axis of suspension of the beam. Whon there is no weight either upon 
E D or upon b c, the point m, fixed npon the arm O C, must be exactly opposite tho point n, fixed 
to the frame-work of the machine. As this is, in reality, seldom the case, a small weight ia placed 
in the cup a, auspendcd to C, till m is opposite » ; this weight is colled tho tare. A weight to be 
weighed must be placed on DB; weiglits are thou jilaccd on the scale-board 6 c till tho points 
nt and n are opposite. The weight p on tile scolo-boanl i^ exactly a tenth of the weight P on the 
stage DE. 
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The relation of O B to O C is prenerally -^. When the apparatns is set in motion, D H remains 
horizontal. If the points B and H are lowered a short distance h^ by virtue of the above propor- 
tion the point A lowers itself n h. It will be the same with the point L ; consequently, in the same 
proportion, the point I will be lowered the distance h, like the point H ; and I U will remain 
horizontal. The actual work of P will be + PA, as the stage is lowered A. But the point C will 
be raised 10 A, as 00 = 10 OB; the actual work of p wUl therefore be — lOpA. The actual 
work of the reactions exercised by the points of support I K O is zero, if the friction be omitted. 
The other forces that influence the system are mutual, equal in pairs, and having opposite signs, and 
their virtual actions cancel one another in the summing up. There then remains P A — lOp A = 0, 

P 

whence jp = ^rr • In reality, the ibor points A, B, 0, 0, Fig. 502, are not in the same horizontal 

plane ; but if they are projected on a horizontal plane passing through O, as in Fig. 503, ABO, 
the same reasoning holds good. 

Conditions of Equilibrium in RdbervaVs Balance, — ^An, a A, Fig. 504, are two equal and parallel bars 
turning at their middle points about pivots 0, c, which are in the same vertical line, and connect 
with the stand H 0. The extremities of these bars are connected by means of pins A, a ; n, A, with 
two other bars A a, n A, so as to allow of free motion about these points. Then, since A 0, a c are 
equal and parallel, A a is equal and parallel to c ; and therefore A a, n A will always be vertical in 
every position. In this balance, two horizontal rods are fixed to the vertical bars A a, n A, on which 
the weights P and Q are placed, and if these balance each other in one position, the equilibrium will 
remain undisturbed in ev^y other position. On the same principle the balances now in general 
use are constructed, and we will prove that if the weights P. Q are equal they will balance each 
other in whatever part of the scale-pans. E, F, they are placed. Suppose the weight P to be placed 
in the scale E, immediately over the roa A a ; and an equal weight Q in the other scale F acting 
at any distance m from the centre. At n introduce two equal and opposite forces R, r, acting ver- 
tically in opposite directions, each equal to Q. Also introduce two pairs of equal and opposite 
forces S, « ; T, ^ ; each of these forces having the same proportion to Q as mAtonm. These six 
forces will manifestly balance each other, and not affect the equilibrium. Now the forces Q and 
B being proportional, m A, m n are equivalent to a force represented by the diagonal m A. In like 
manner, r and T are equivalent to the same force km acting in the opposite direction. Hence the 
forces Q, J ; r, T, mutually destroy each other ; and, therefore, the force Q is equivalent to the equal 
force R acting in the direction n R, and the two forces S and t acting in the directions n, A c. 
But the forces S, t only produce pressure on the pivots O, c. and have no effect in turning the 
bars round. And since P and a are equal and at equal distances from 0, they wiU badanco 
each other. 
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Fig. 505 represents the extremity of this beam seen horn above ; nn are two blades, inclined 
in contrary directions, their edges a h and c d are placed in a straight line in the lower plane 
of the beam. This extremity enters a stirrup, forming the lower end of the side A A', and which 
is represented in Fig. 506 in perspective,, and Fig. 507 in plan. Its lower cross-bar is a blade, 
the edge of which, 6c, is turned upwards; the two prongs m and m' are so arranged that this 
edge is on the outer side at m and on the inner at m'. When the end of the beam is in con- 
nection with the stirrup, the edge a 6 of the blade n rests on the outer face of the prong m, the- 
edge c d of the blade n* rests on the inner face of m', and the lower face of the beam rests on the 
edge & c of the blade forming the cross-bar of the stirrup. The edges of the three knives thus 
form a prolongation of each other, and each bears on a corresponding plane. It follows, that in 
all portions of the parallelogram the contact takes place along this same edge, which thus forms 
the axis of articulation, without producing an 
appreciable amount of friction. The opposite 
end of the beam is jointed in the same manner 
to the stirrup, which forms the lower end of the 
side BB'. At O' the jointing is of the same 
nature, with this difference, that the stirrup is 
fixed. This system of jointing gives to the 
parallelogram the desired sensibility. 'The lower 
beam and the greater part of the lateral sides are 
generally concealed by the body of the balance, 
as shown in Fig. 508. The conditions of stability 
and sensibility are otherwise the same as in the 
ordinary balance ; the centre of gravity of each beam, and particularly of the upper beam, must 
be a short distance below the axis of suspension of that beam. 
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Fig. 509 repreaents an aaaay balance of great delicacy and precision, with the glasB case enolosine 
it.> In front, and slightly projecting from the stand, is seen the end of a lever, by means of which 
the beam can be raised in order to relieve the knife>edged fulcrum, upon which it rests, tram 
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fatigue and wear when the instrument is not in use. At the upper part will be observed a small 
mechanical contrivance resorted to by some mckkers, though not in general use. In front of the 
beam is a horizontal graduated semicircle, over which a little metallic needle can be made to 
travel with the aid of a pin, worked by a button on the exterior upper surface of the case. Bv 
shifting this needle to the right or to the left, the equilibrium may be obtained with much 
accuracy, while the readings on the graduated semicircle show the increments or decrements of 
weight See Htdbauuo Machineb. Lsvkb. Weioh^no Machinb.' 

BALANOE-VALVE. Fb., Soupape a bascule; Geb., £ntlasteter 
ScMeber ; Ital., Valvola bUanciata ; Span., Vdlvula autanuUora. 

See Valvm. 

BALECTION. VR^Moulvres Qm^FensteroderTMirverkleidung; 
Ital., Modanatura. 

Balectiony bolection. — A term applied to mouldings which project 
beyond the face of the work which they decorate, Fig. 510. lliey 
are principally used for external doors. 

BALK, BAULK. Fe., Foutre^ Qtt^ret; Gee., Balken; Ital., 
Trave; Span., Viga. 

In engineering, the ridge or bank between two excavations ; also a term applied to timber in 
the log, roughly squared, and before it is sawn up for use ; and sometimes used to designate the 
horizontal timl>er8 in an open roof. 

BALL-AND-SOGKEl' JOINT. Fb., Qenou de chamiire; Gee., Kugelgelenk; Ital., Snodatura 
aferica^ Nocella ; Span., Juego de nuex. 

See Joints. 

BALL-COCK. Fe., Hcinnet modOrateur; Gee., Zttkae und Absperrhahn; Ital., Chiave a gaUeg' 
giante ; Span., VdlwUa fiotante. 

See Water-supply. 

BALL-LEVEB. Fb., Levier h bascule; Gee., Segulirungs br^l; Ital., Leva a contropeso. 

See ^^ATER-StJPPLV 

BALL-VALVE. Fe., VetUouse; Gee., Ablass; Ital., Valw^ pallata. 

See Water-Supplt. 

BALLAST. Fb., Lest; Gee., Ballast; Ital., Stiva, Ghiata; Span., Lastre, 

Ballast is a term applied to gravel, stone, or other material used for loading ships, to give them 
steadiness in the water when sailing without a cargo, or when the cargo is not of sufSoiant 
weight. 
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In civil mgintiring, s la^er of bn^en etrme or omum gnTel, trom 6 to 18 in. in thlcknsM, bUd 

■boTB the fiirmatioD-level o( roods and nilwajg, wbere it ansvere the purnwe of » fonndBtim 
for the rond-raBtal in the fonnor, and for the' Hleepers and permanent way in the latter. Originally 
the material used for Uu£ ptirpose wm of the same deBoription u that used for baUagting ahipt, 
hence the term. 

ThuneB ballast is the eravel dredged from the bed of the river Thames, and ia used for ahip^ 
ballast, making concrete, ^irmation of roads, &c. 

Where stone and grarel are scarce, cla; burned to the hardness of at least ordinary bricks ia 
tued instead of the oi^nary gravel or stone ballast, the process being as follows ;— 

Clajr as oied for the mannfactnro of bricks is dog and slightly tempered to make a k^W' 
geneouB mass ; a log of vood is fixed upright in the ground, from wluob * Am, tainiinllf tenocd 
a * lire hoke," of 6 or 9 in. in ttjamrttr, ami abaat 7 ft. ImK, aoootding to the size of the heap to 
be burned, is formed of bricks on edge, or old drain-pipes, on the upper side of which, at the end 
neit the wood, is left an opcninc;. Pieces of wood are next piled around the upright log, in a 
conical form, about 4 or 5 fl. in diameter at the base, and about 4 ft. high. Over this oone of wood 
is placed about half-a-ton of coal, and on the coal a coating of clajr G to S in. thick. The whole ia 
then set on fire through the horizontal flue. 

As the wood bums down, ooala are thrown in until all beoomes in a state approaching inean- 
dcscenco. It is then ready to form the core for the reception of another coating of clay ; and asths 
burning proceeds, coal and breeze are added to fbod the Are, then another coatine of clay, and soon, 
nutit the size of the heap becomes such as to render it inoouvenient to add more. The burning should 
proceed gradually at first, as in brick-making, to expel the moisture, after which the heat may be 
urged. When the mass is thoroughly burned through, it should be left to cool, and aiierwarda 
broken into pieces of the size required. From J of a cwt. to 1 owt. of coal is required to bum a cubic 

en) of clay; or, according to some authorities, about II cub. yds. of breeze, and 4 tons of noal, 
[Jading small coal or slack, is required to bum 100 cub. yds. of clay. 
A cubic yitrd of cUy, measured in the anUd, before digging, will, when bomed and broken up, 
occupy a space of IJ to IJ cub. yd., and weighs about a tm. 

About 22 cub, ft. of Thames ballast, 21 of broken granite, and trom 22 to 27 cab. ft. of other 
atones, when broken, weigh a ton. 

BALLABT-WAUOfC Fa., Waggon i hit; Qeb., Ballatt Wagm, KUaaiagm; Ital- Cam da 
akiaia; 8PAX., H'n,/™ para /,«(«. 

A ballast-wagoQ is a wagon employed in removing earth in escavationa and similar works. 
They are usually made to hold 2 to 3 cub. yds. Ballast-wagons should bo made wilh springs, 
as without springs they increase the wear and tear of the rails oonsiderably, and add to the expeuae 
' ■ ■ ■ ■ ''eway. Figs, 511, 512, show forms of ballast-wagons generally in uaa. 
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BALTTSTEB. Fb., Sa/u>trs ; QKA.,DoclieanerTnppmldme;lTil.^Baiaiutn;BTiS^BaIiBuirt. 

A small pillar, a series of which, fixed under the Doping ofthe parapet of a bridge, or otherwiae, 
is called a balustrade. It also applies to the pillais of wood or iron which suppi^ the band-rail 
at the side of a stairs. 

BALUSTRADE. Fr., Bi^tatradt; Oeb., Btdiutrade; ItaXm, CUonnntri di Iwiavatri; Span., 
Bataugtnvhi, 

See BALrarcB. 

BiNDINO-PLANE. Fa., EcAot A ra.nunt; Gbb, NvthhAd; Ital^ Piaiia da intoniatani 
Spar., Cepillo dt Bocd. 

A banding-plane ia a plane uaed for cutting out groovca and inlaying atringa and banda in 
atrsigbt aud circular work. 

BANKER. Fb., EluWi; Gra., Wer^baak; Ital., Ceppo: Spas., Bancode canlero. 

The beach or table upon which bricklayera and atonemasona prepare and shape their ma- 

BANK-NOTE FEINTING MACHINE. Fb., Machint a imprimm- la billets dt Banqae; 
Ueh,, Preaii lum l)rtir.ken der Guwtu''Aoi« ; Ital,, Macehina per stampare i liiglieiti di Bunco ed altri. 

The Baak-Noto Printing Machine, invented by Thomas Gmbb, of Dublin, aud described by 
him in a paper road before the Institution of Mechanical Engineers, is shown ia Figs, 513 and 
514; Fig. 514 is a side elevation, and Fig. 513 a vertical section taken at right angles to Fig. 514. 

The machine oonaists of a horizontal polygonal cylinder A, Figs. 513 and 514, of twenty sides^ 
on ten of which are hold tlie ten enRraved plates from which the notes are to l>o printed. These 
ongraved platoa are held in position in dovctaila formed by ten plain platea aorewed upon the ten 
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intermediate sides of the polygon. The pktes and polygon are maintained at the proper tempe- 
rature for working, by steam admitted inside the hollow polygon through the back-bearing B» 
Fig. 513. 

513. 614. 




At the ordinary rate of working, each impression occupies ten seconds ; and the polygon is held 
stationary during eight seconds of the time, and during the remaining two seconds it is turned 
round through -ji^th of a revolution, in the direction shown by the arrow in Fig. 514, so as to bring 
the next engraved plate to the top for being printed from. Durine the eight seconds that the 
polygon is stationary, the undermost plate at G is inked by the machine, the uppermost plate at 
D 18 printed from, and the plate at E has the wiping of its surface completed. The machine 
requires two attendants, one standing in the box F, who lays the paper, removes it after beinap 
printed, and observes that the work lb proceeding satisfactorily ; while the other gives the finu 
wiping by hand to the surface of each plate as it comes into the position E, Fig. 514. The greater 

Sortion of the superfluous ink ia wiped off by the machine, thereby lessening the labour of the 
nal wiping by hand; this is done by means of the wiping>roller G, on which is wound a length 
of cotton cloth. This wiping-roller is stationary while the polygon is at rest ; but on the polygon 
beginning to move, the roller presses against the surface of tue previously inked plate, and, by 
turning in the opposite direction, wipes off the superfluous ink. When the surftice of this roller 
becomes surcharged with ink, a length of the cotton cloth upon it equal to one round is torn off. 
By the revolution of the polygon, therefore, each plate on arriving at the bottom at G is inked, and 
as it proceeds upwards lb first partially wiped by the machine at G, and afterwards finally wiped 
by hand at E, and on arriving at the top ia printed from by the printing-roller D. 

Several n>ecial contrivances are required for producing the respective actions of ihe machine, 
the principal of which are the apparatus for loclong and turning the polygon, and for the motions 
of the printing-roller, and the inking apparatus. 

At each printing the polygon is subjected to a heavy strain by the vertical pressure of the 
printing-roller D, Fig. 514, tending to turn it first in one direction and then in the opposito direc- 
tion alternately, as the printing-roller passes over from one side of the centre to the other ; it 
therefore reouires to be very firmly locked during the time that it has to be held stationary for 
printing. This is effected by the locking-lever H, which, being lowered by its cam, inserts the 
steel tooth I into one of the ten spaces round the circumference of the polygon. The turning of 
the polygon through -,V.*h ^^ ^ revolution between each printing is acoompliabed by the levers and 
cams K K and L L , one of these levers, K, alternately withdraws and protrudes the tooth J, while 
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the other, L, movoB the oarrier-box M through the required aro. The action of the leverg H and 
K is so arranged, that as the tooth of the locking-leyer is withdrawn, that of tlie turning-lever 
enters the toothed circular plate N, and vice versa. The polygon is thus sure to be duly acted 
upon, and always under restraint, thereby ensuring against risk of accident, which might occur if 
ordinary means were employed for turning the polygon. 

For working the printing-roller D, Figs. 513 and 514, the ordinary method of causing it to roll 
up an inclined plane into contact with the plate was inadmissible in the present machine, and the 
following arrangement has been adopted for the purpose. The roller is first caused to descend 
vertically at the proper time and with a sufficient pressure upon the plate, on which the paper to be 
printed is previously laid ; next, the roller is carried horizontally over the surface of the plate, to 
produce the impression ; then it is raised from the plate and withdrawn to its first position. The 
motion of the centre of the roller is, therefore, as shown by ^he dotted line P Q B in Fig. 515 ; and 
this motion is produced in the following manner. The vertical 
descending movement from P to Q is effected by the long trussed rod 
O and its double cam, acting on the bell-crank S and toggle-lever 
joint T. The horizontal traverse from Q to R is produced by the 
printing cams and their levers U acting upon the sectors Y, Figs. 513 
and 515. These sectors roll against inverted straight-edees W, and 
the bearings of the printing-roller D being concentric with the arcs 
of the sectors V, the roller is traversed horizontally over the engraved 
plate. The curved motion from B to P, in withdrawing the printing- 
roller and returning it to its original position, is produced by the 
joint action of the two sets of cams. The blocks W, against which 
the sectors Y roll, slide vertically in grooves in the side frames of the 
machine ; the under-side of these blocks is faced with a fiat surface of 
hardened steel, against which rolls the upper segmental surface of 
the sectors, which is also made of hardened steel. These steel bear- 
ing-surfaces are retained in contact by the spiral springs X, Fig. 513, 
which carry the weight of the sectors, the printing-roller, and the 
levers U. The sectors are prevented from slipping in rolling against 
the blocks W, bv means of bridle-levers, which admit of motion in 
other directions, but prevent slipping. An endless sheet of flannel Y 
passes round the printing-roller D and over the guide-rollers Z above, 
travelling in the direction shown by the arrows in Fig. 515; the 
upper rollers Z are carried by the sectors Y and slide-blocks W. 

The inking of the engraved plates is performed by the inking- 
Toller C, Figs. 513 and 514. Upon the capability of the machine to 
ink the engraved plates effectively depends its useflilness ; and herein 
lay the main difficulty, and the reason of the failure of previous 
attempts at improvement. The difficulty was much enhancea by the 
circumstance tnat, in using the ink applicable to engraved plates, a 
portion of it becomes thickened and unnt for immediate use. In the 
ordinary hand-inking, this thickened ink collects in a ring on tluLt 
part of the dabber which -barely comes into contact with the plate 
during the inking ; and this requires to be removed occasionally from 
the dabber by a knife or scraper, otherwise, b^ its mixing with the 
fresher ink, the quality of the work would be injured. In experiments 
made preliminarv to constructing the present machine, a cylindrical 
roller was used for inking the plates by hand, and was supplied with 
ink horn a perforated sur£BU)e, through which the ink was caused to 
exude ; and it was found that the thickened ink, technicidly termed 
** gatherings," adhered at first to the perforated surface between the perforations, and afterwards, 
when the film had arrived at a certain thickness, it was transferrea bodily to the surface of the 
inking-roller. These experiments led to the adoption of the following inking apparatus : — 

The short cylinder P, Figs. 518 and 514, containing the supply of ink, is ntted with a piston, 
the rod of which is a screw that projects below the cylinder, as snown in Fig. 513. The upper end 
of the cylinder expands into a norizontal rectangular tray, rather larger in size than the plate to 
be inked : and this tray is covered with a flat pUtte of steel, perforated with a number of small 
boles. The piston is slowly raised by the screwed piston-rod and the bevil-wheels Q, and ratchet- 
wheel B. In order to charge the cylinder with ink, the piston is lowered, and the perforated top 
plate removed for filling in the ink ; and on replacing the top the piston is raised until the 
mk exudes through the perforations in the top plate, the lowering and raising of the piston being 
effected b^ hand by a wmch upon the spindle of the ratchet-wheel B. The supply of ink during 
the working of the machine is kept up by the lever T from the cam-shaft. Fig. 514, acting on 
the ratchet-wheel R, a small but sumciont quantity of ink being in this way forced up through the 
perforated surface for every plate inked by the inking-roller G. 

The iftking-roller C, shown enlarged in Figs. 516, 517, and 518, is formed of a number of discs 
of woollen doth, screwed tightly together upon a spindle and finished in the lathe. It is worked 
to and fro continually wiuout intermission by the rack and sector B. This rack slides on 
a cylindrical rod D, which allows the frame E, carrying the roller, to be raised and lowered 
sufficiently to cause the inking-roller either to apply ink to the engraved plate on the polygon A 
above, as shown in Fi^. 516 and 517, or to descend and roll on the ii&ing-table P below, for obtain- 
ing a fresh supply of ink, as shown in Fig. 519. The roller is held up for inking the polygon by 
the weighted lever G, having an adjustable weight ; and on the pressure of this weight being re- 
moved at the proper momeat by a cam, the roller C drops and rolls upon the ink-table P with its 
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own weight, and that of the f^ame K as shown in Fig. 516. It thns takes np a fresh snpplj of inl^ 
while the polygon is turned thronKh one-tenth of a revolution so as to bring the next engrayea 
plate ronnd into position, ready to be inked when the inking-roUer is raised again by the lever G. 
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As the ink is transferred from the perforated inking-table P to the inking-roller C in a series 
of dots through the holes in the inking-table, the engraved plates would be inked in a similar and 
therefore im^rfect manner ; but this is prevented by the application of the two small distributing- 




rollers 1 1, which are pressed in contact with the inking-roUer by springs. One of these distri- 
buting-rollers simply revolves in contact with the inking-roller ; but the other has on one of its 
bearing^ a screw, which gives it an end-traversing motion in addition to the rotary motion ; and 
thus the ink coming to the roller in dots is equalized over its entire surface, and the inking of the 
engraved plates is rendered uniform. 

The occasional removal of the thickened ink from the surface of the inking-table P is nro- 
Tided for by the arrangement shown in Fig. 519. The ink-scraper J is shown in the position wnen 
out of action, and H is the lever and M the connecting-rod for communicating the required motion 
to it from the cam N. On tiie scraper beginning to move across the inking-table P from the posi- 
tion shown at J in the drawing, a small cam at each end causes it to rise and so to pass clear over 
the table without scraping ; while in the return motion the scraper descends into contact with the 
table, and pushes before it the thickened ink, which falls into a trough placed to receive it. 

If the scraping were to be performed once for every impression printed, then it would only be 
required to allow the cam-roller at the end of the lever H to romain continually in the groove of 
the cam N. But as it is required that the scraping should be performed only occasionally, or once 
for every thirty-six impressions or rovolutions of Ihe cam-shaft, the following arrangement is 
adopted. At O is a laten, which so long as it is not raised holds the connecting-rod M pushed 
outwards laterally, so that the cam-roller is out of the cam-groove K. The ratchet- wheel Q has 
seventy-two teeth, and is carried forwards one tooth for every impression by the pawl R, whirh is 
actuated by the cam shown by the dotted line. Attached to the ratchet-wheel is a disc S, having 
only two notches TT in its ciroumference ; and U is a rocking-frame, rocking on a pin at its lower 
end, and having on the upper part a projecting finger, which is caused by the weight W to pross 
continually against the edge of the disc S. V is a l^lt, worked up and down at each revolution of 
the cam-shaft by the same lever and cam that work the pawl R of the ratchet-wheel. The upper 
end of this bolt slidea in the rocking-frame U ; and so l<nig at the finger la on the edge of the dtso 
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S, the bolt T rises and fftlla jniat clear of tfao l&lch O, us shown ia the dnwing, m that it prodnccs 

But onoe tor every thirty-«ix impre«sioiu of the machine, the flogOT of the rocking-framo U 
enters one of the ootchea T in the aiae, and the rooking-frome falling forvarda, tzlte the bolt V 
ioto the poeitioo indicated by the dotted lice, when the next rising of the bolt lifts the latch O, as 
shown by the dotted line. The cam-n>!lot is now tluowo into the cam-grooTe N by the latetsl 
preasuro of (he spring lever H, and the scraping of the iniing-tablo P is porfonned once by tlie 
revolution of the cam N. At the end of the lovolatioa the cam-roller is thrown out of the cam- 
groove N bj the inclined stop X at the end of the groove, and ia instantly hel<l out by the drop- 
iiing of the latch O ; and before the bolt V again riaes, the ralchct-whool Q baa been turned 
orwaida one tooth, so that the finger of the rocking-fiame U is again out of the notch T, and 
therefore the bolt T hsee dear of the latch O, and ceases to lift it for the next thut;-six 
impressions. 

BAR. Fb, Barre ; GbB., Stab ; ItAl., Soanno, Batux di rend ; SpjUt., Barra. 

A bar is a piece of wood, metal, or other solid matter, long in proportion to iti diameter 
or width, A bank of sand, gravel, or other matter fonning a shoal at the mouth of a river or 
harbour, obstructing entrance or rendering it difQcnlt, is called a bar. 

The term is also applied to an ingot, lump, or wedge of metal ttota the mines, run in a mould ' 
and nnwrought. 

BABBETTE. Fr., Bariette; Oeb., (7«cAutz&anl, JPritKhei ITAL., Barba, Farapetti a barlxi, 
Artiglieria in hariia ; Bpah., Barbelta. 

See Obdnahcb. 

BABQB-BO ABD. Pel, fJache doMf ; Gm., SehaarU, SehUbtiUli ; Itil,, fiuaiama d'aggtUe del 
Utto; Span.. Ouarda MiUklta. 

A barge-board, or verge-board, is a board, more or less ornamental, attached to the gable ends 
of a roof, chieDj in old English houses, to hide the ends of the horizontal timbers, and 1« protect 
&om the weather the under-«ide of the barge-jxiarte, which is nsDally boarded or plastered. 

BABOE- COUPLES. Fr., Chevnm ext€ritar; Oeb., Aaatn Sparren; Ital^ PatUoni elm 
aggeltono. 

Barge-oonples are the rafters placed under the barge-eoarti, which serve as grounds for the 
hargeJioards, and carry thoplaatoring or boarding of the soffits. 

BABG&COUBSE. Sa., Battettemait ; Gkb., TnmftUgetreilu ; ItU.., Filart iTaggttto ibl tetto; 
BfaN., Boqaillaa, 

The borge-course ia that part of the tiling or slating of a roof wMoh projects over the gable of 
a building. The term is also applied, wlien there is no projection, to a coping of stone or brick 
hkid above the tiling or slating along the sloping sides of the gable. A fillet of cement is nsoally 
mn along the inside, to cover the junction between it and the slating. 

BABLEY-DBEBSING MACHINE. Fb., Ifachimi a preparer Forge; Oeb., Matchine zHn 
ZaricUen der QcrtU ; ITAL., Sfacckina a preparare Forio. 

Figs. 520, 521, represent a machine, designed by J. T. Peyser, for screening and dresainK 
bMley and removing the broken grains. The barley to bo dressed is placed in the hopper X, 




Fig. SSO : tills hopper has an opening at the bottom provided with a slide, by which (he amoiiTit 
of grain allowed to pass through can be regulated. In falling from the hopper, the grain is sub- 
jeated to the blast of a fan, which removes the dust, smut, &a. The groin is received on an 
inclined board which delivers it on to the screen A ; this screen is monnt^ in a fnun^ which haa 
iciproceting motion imparted to it in on inclined direction, by being coupled by rods to m 
a transverse shaft. 
The grain is delivered on to the screen A, and any beans, peas, stones, Ac, which may be 
mixed with it, pass over this screen and down on to a second screen 0, over which they also pass ia 
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a pnsBage leading to the shoot K, where they aro delivered. The shoot K is provided with an 
inclined perforated plate, which effects the separation of any stray com which may have passed 
over the screens, A and 0, with the refuse, the latter passing over the inclined peiforated plate in 
the shoot, and being delivered on one side of the machine, whilst the g^in passes through the 
plate and is delivef^ on the opposite side. The refuse which passes over the plate C is prevented 
from clogging the passages leading from the lower end of that plate to the spout K, by causing it 
to separate and pass on either side of oircnlar blocks of wood placed opposite these passages and 
between the plates and B. These blocks are shown in the plan and section of tne prorated 
plate C, Figs. 520 and 521, and they not only serve the purpose we have mentioned, but, by 
retarding the progress of the reftise, cause the com to be more effectually separated from it. 

The screen-plate^ A and G, have shallow transverse bars on their upper sides, and they are 
perforated with openings of sufficient size to permit of the passage through them of the grains of 
oarley. The grun which passes through the screens is received by the plain zinc trays, B and E, 
and by them delivered on to the perforated plate F. This plate is provided with transverse bars 
on its upper side, and over it the grain passes down to the screen 6, which is without transverse 
bars, but which is subjected to the action of a series of rollers. A portion of the broken and 
damaged com and refuse matters of a smaller size than the grains of barley pass through the plate 
F and fall upon the inclined board H, down which they are led to the perforated plate L, which is 
provided with transverse bars. The damaged com and small refuse matters fall through this plate 
on to the plate N, which leads them to the perforated and ribbed plate O, through which they fall 
on to the last perforated screen P, any refuse passing through this screen being delivered beneath 
the machine 

Any good barley which may have been delivered through the screen F, and over the plate H, 
to the screen L, passes over that screen to the plain plate M, which carries it forward and delivers 
it on to the screen Q. This screen also receives any good gnin which may have been separated 
from the light and broken grain during its passage over the inclined plate N, and the perforated 
plates O and P. The best barley passes over the perforated plate Q, into the spout 8, whilst' that 
which passes through the perforated plate is received by a plain plate, which conducts it to tho 
spout R, by which it is delivered at the side of the macliine as a second sample. 

We must now return to the g^in which, passing over the perforated plate F, is delivered to 
that marked G. Whilst passing over this latter screen, it is subjected to the action of a series of 
small wooden rollers covered with india-rubber, the axes of these rollers being carried in slotted 
holes in a pair of side-rails in such a manner that the rollers are free to rise and allow the grain 
to pass beneath them. The side-rails just mentioned are supported by brackets, whidi pass 
through long slots in the sides of the movable frame carrying the screens, and are bolted to the 
main frames of the machine, so that the rollers have no reciprocating motion, the screen-plate G 
passing to and fro under them. 

BARN MACHINERY. Fb., Machines emphy^ea dans Us fermes,- Geb., Lancboirth schafiliche 
Apparate ; Ital., Maochine impiegate nelle cascine. 

Bam machinery may be divided into the following classes, — ^threshing and dressing apparatus 
for grain ; mills and flour-dressing apparatus ; corn-crushing, straw-ohopping, and root-cutting 
implements. 

Fig. 522 shows a longitudinal section of a Portable Threshing Machine. The sheaves of com 
having been unboimd, axe peawd to the feeder, who stands in the dickey A, and shakes the straw 




loose into the month of the machine B ; here it meets the dram revolving at a high velocity, 
which carries it over the concave or breastwork D, beating out the grain from the ears. The grain 
falls through the breastwork D, while the straw is tlirown off into the chamber E, whence it 
is taken forward by the shakers F F, and thrown over the straw-board G. The shakers F by their 
motion also separate the straw, and allow any grain that may have been thrown off from the drum 
with the straw to fall on to the shock-board or shogging-board H, whence, by means of the motion 
given to the shogging-board from the crank-shaft I, through the connecting-rod J, it is passed down 
to the riddle-board K, to which an opposite motion is oommunicated by the other connecting-rod L 
from an opposite orank on the shaft I, tiie two boards, H and K, advancing to each other or 
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Tho giBla that passes ttmmgh the breastwork D is goided hj tho bent plate H, so as to fall 
upon tbe top end of the liddle-board K. In wockmg; the mBohitie, many heads and short straws 
Adl from tbe breastwork and shakers, and a coaise riddle or perforated plate is put od the top ol 
the riddle-boaid E to take them out from tbe com ; these " caiingB," as tbe; are called, pass over 
the end of tho board K, and fall down tho caTing-baard N. The com and all sntaUer substances, 
chaS; aad k> on, pass through the top riddle, and down an inclined board on to a secood riddle O, of 
a Oner mesh or perforation ; here the; meet a blast of air from the &n or blower P, which blows 
awa; the chaff through the opeoiug Q, while tbe grain whioh is heavier falls into tbe spout B. 

The grain is thence carried awar by the elevator 8, Figs. 523, 525. Ttiis is oomposed of a 
' u ot tins or oans T fixed on a Mlt U, which works over two pnUe;B V V, one at the top and 




the other at the bottom. The spont B of the threshing machine delivers the com into the bottom 
shoe of the elevator ; the cans T, being carried round by power applied through a belt to the 
spindle of tbe top pulley, take up the grain, and in turning over the upper pulley diechoi^ it 
into the spout W, Fig. 524, wliich forms a hopper for it ; thence it pesaes to the next process. 

The drnm C, Fig. 522, of tho threshing machine, is shown in fonr modifications in Figs. 326 to 
633. That shown in Fi;;. 526 is composed of rings A, supported by arms B ; on these are fixed the 
wood-beaters G shod with iron, having a filling-piece D, also plated with iron, inserted in front of 
each beater, to prevent the straw being carried round with the drum instead of being passed away. 
Pig. 527 shows a close drum made of plate arms B and angle-iron, with anf'te-iron beaters C having 
wood supports. Fig. 528 repreeeota a drum now in use, having wood-beaters C, over which wires 
E ore stroined ; on the top of these are bolted the beater-plates F, which are grooved in the 
face, as shown in Fig. 529, the object of the grooves being to aJlow the grain to pass into them, and 
prcvont it from being broken, as was tho cose with plain straight beaters. 

Tbe breastwork D, Fig. 522, is shown in detail in Fig. 528. It consists of a frame made In two 
portions, tbe upper part from G to H being of wood, and tbe lower part from H to I of iron ; these 
are carried by iron rods passing across the machine at the three points O, H. and I, which afford 
the means of adjusting the position of tho breastwork by means of screw adjusting-pieces at the 
sides of the machine, so as to bring it nearer to or farther from the drum, as may he required. The 
adjustments at G and H being horizontal sliding adjustments, and that at I vertical, a slot J is re- 
qmred at the outer extremity of the fmme, in which the rod I works. The distance between the 
breastwork and drum is gradually contracted from the top towards tbe bottom, to ensnre the whole 
of the straw being exposed to the cction of the drum ; this distance ia Bometimes abont 1) in, at the 
top. and redooed to only ) in. at the bottom, but the adjustment is dependent upon tbe state of the 
gndo. The upper balf of the breastwork ia furnished with tiansrerse strips or ribs of wrought 
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qnickl; wfthout beine tlunDoghiy thraukM. The «tiaw ii piided from the biewtwork to the 
ibtkaa by tha plate M. 

Anothsi pUn of bmitwoTk, inrented by Barrett, !EialI, and Andrewea, ii ihown fn Fig. 530, 
fbrmed by a leriei of flat ban D, held in their places by the sides of the machine in wliich slots are 
CMt : the ban are all moved together, to or from the drum A, by a worm-plate El, Figs. S31, 532, 
in which their enda rest, and are thns sdjnsted to the required distance from the dram. The plan 
of dmm adopted in oouueetion with this breastwork la also worth notice, as being new, simple, and 
eCBoaoioQS. Three or more sets of urns B ate keyed on the tpindle, each tet being completed by a 
hoop A on the onlside, on which are fixed the wrought-iron beate^'plate■ C, of the form shown 
in Fig, SSO. The beatei-platee an made of flat iron, roUed or presmd into the shape, with the 
■paces F oat In, as shown In Fig. S33, io that any gnin Ibey may oolleot may pass into the drum 
nntil it can flnd its w»y agvin to the breattwork D. This beater seems to he more perfect in 
Its mechanioal conatroolion than the others, whars wood and iron are used together. 

Figs. 534 to S39 show three modiflcations of the straw-ahaker F, Fig. 522. Fin. S34, 535, repr» 
•ent slde-eleTatiens and end-elevations of the two positions of a " nU-ahafcer," which is made of « 




nnmbBrof rails or ban FF attached alternately to two fHme«00,aetaated at both ends by the 
two ataak-ibafti H ; tha shaft* H ate also ootipled togetherbymeaiuof cranks on tbeii enter ends 
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and ooupling-rods. Figs. 536, 537, show a " boxHahaker,** oonsistingof a set of boxes F F, oovered 
with. perfoAted sheet iion, or with slopixig strips of thin hoop-iroo, as. shown dotted; ihe boxes 
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are carried av one end by radius-links G, and the other ends are attached to donble cranks on the 
shaft H, which give the alternating movement, the boxes thus rising and falling to receive or 
deliver the straw the one to the other, and the rotary motion of the cranks also carrying it forwards, 
as in the former case. 

An improvement upon these two methods is shown in Figs. 538, 539. The great fault of the 
rail-shaker consists in its passing so many straws through ; while the objection to the box-shaker 

63S. 




639. 



iN« SHtii/f.i^.iy 



cut 




is, that any grain that has been thrown by the dram to the outer end of the chamber E, Fig. 522, 
is carried along with the straw over the end of the shaker, in consequence of the vertical motion of 
the crank being reduced at that point, and becoming only a horizontal or longitudinal motion at the 
end. To obviate these defects, the new shaker, Figs. 538, 539, was invented by James Good. The 
principle on which this is constraoted differs £rom that of the ordinary box-shaker, Figs. 536, 537. 
in this respect, that while the latter has the crank-bearings at the same end for all the boxes and 
the radius-links G at the other end, in Good's shaker the boxes are supported by the links 
alternately at opposite ends, the crank-shaft H being thus between the links G ; or, in other words, 
the crank-shaft H may be said to be moved to the middle of the length of the boxes, and half of 
the boxes to be then turned round end for end. Thus, while the ends that are attached to the 
links dose to the drum rise only so much as is due to the vibration of the rockinff-Unks, the ends 
of the other boxes have a oonsiaerable Uft imparted to them firom the crank ; in the centre of the 
length of the boxes, just over the crank-shaft H, the lift and throw are the same as in the most 
effective part of the old shaker; and again at the outer end the straw is tossed by the loose ends 
of the boxes, while only a passing or horizontal motion is given by the others. This is knpwn as 
the ^ cross-shaker," owing to the boxes moving crosswise, or alternately up and down. 

There is another shaker, invented bv T. and H. Brinsmead, the features of which are different 
from those of every other. Immediately over an inclined plane of wood, and sufficiently above it 
to allow them to rovolve without toucmng it, are placed transverselv, and therefore horizontally, 
a series of triangular prisms of wood, armed at their edges with curved iron teeth, so arranged that, 
as the prisms revolve, the teeth of each pass between those of the two adjoining prisms. The 
prisms oeing made all to revolve simultaneously in one direction, either by cranks on the ends 
of the spincSes coupled together by one rod, or by a train of wheels, the straw which falls on 
those at the lower end of the plane is tossed and carried upwards by the action of the teeth as they 
rise, which also, as they pass down again between the teeth of the prism next above, deliver the 
straw on to these last, and sweep down to the bottom of the plane the com and any short straw 
that has fallen through. At the bottom of the plane is a curved wire-netting, through which 
the com readily passes, but which stops the passage of any straw ; and the revolving teeth of the 
lowest prism rake up the straw again as it accumulates, and toss it upwards and onwanU aa 

In the shaker shown in Fig. 522 there are five boxes, two working on links at the end of the 
machine, and the three alternate boxes vibrating on links at the end nearest the drum; the inner 
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endiof the latter are prolonged, to allow for the throw of the crank, and are attached by means of an 
angle-iron to a croea-bar Z, extending acroea the machine, and oairied by two links ontsida the 
framing, one on each side, as shown dotted, thns avoiding anr links inside the machina 

The slogging-board H and the riddle-iXMxd K« Fig. 622, were originally in one length ; and 
the Tibzation then oaosed by this single piece moving backwards and forwards impeded ttie intro- 
duction of portable maohines. They were, however, afterwards parted into two lengths, and in 
the present machine the motkm of the two boards in opposite directions neatralises the disturbing 
effeot of the reciprocating weight of both. 

The elevator 8, Figs. 523, 629, has been alread;^ described in a fonn generally in use. 
Another kind of elevator also in use is formed of sheet iron bent round a spindle in a spiral form, 
working in a trough carved to the radius of the outside of the worm, and touching it, thus 
winding the com, Ac., that iUls into the trough, by means of the worm, up the spont; but as it must 
neceaBsrily be kept at only a slight inclination, this elevator Is not so general m its application as 
thatpreviouBly described, nor neariy so cheap in construction. 

Iron the spout W, Figs. 629, 524. tiiie grain is d^vered into the hopper X of the oom- 
dressing machine, and thence into the imrley-nomer T, which is shown more rally in Figs. 540 to 
648. It is hers subjected to the action of a number at knives fixed on a spindle, which kosen the 
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husks or whites of the wheat and cut the ears or horns off the barley. Independently of 
the inclined position of the barl^-homer, the grain is kept in motion by ihe ^ set " of the kmves, 
which are in a spiral form. Motion is given to the spindle by a pulley fixed on the end. 

The grain and loose ears pass ftam the barley-homer into the nxmth B of the dreaeing machine, 
and are met in their descent ov a current of air from the fan or blower P, which dears the nain 
of all chaff and ears that may nave been left in it; the grain fidling upon the inclined board M is 
conducted to the riddle K, which is carried upon the links A A, Fig. 623, and has motion com- 
municated to it by the crank at the end of the spmdle 0. Any stones or ears that may have got 
in are here taken out, and pass over the riddle & into the spout D, whence they are conducted 
into the delivery-spout E. The grain, on frilling through the riddle, is caught by a fine wire-sieve 
O, through which aU small seediB paes, and are carried also to the spout JB. The grain passing 
over this sieve, is swept by a current of air taken from the back of the olower P by the passage F, 
by which it is effectually deaned of any lighter seeds that may be too large to pass through the 
sieve, and also of any chaff tiiat mav have been loosened from tlM grain by the riddling. The board 
G carries the grain to the mouth of the revolving sieve or screen H, which receives a rotary motion 
from the wheds J. The smaU imperfect com, or "light" com, foils through the first meshes into 
the spout L i the mesh, being then altered and widened, allows the broken com and a larger size, 
or'' tail "com, to fall through into the spout N; while nothing but the best com can find its way 
to the spout Q. A simple apparatus is here fixed, consisting of a weighing machine with rods and 
bell-cranks, so arranged as to shut off the deUverr and ring a beU when the scale falls. A bushel 
of com weighs 60 lbs. ; four bushels make a sack ; and the weight of the sack itself being 7 lbs., 
247 lbs. Ib therefore the weight to be put in the scale ; the empty sack is held open to the spout Q 
by means of rods fixed on tms scale of the machine. When the four bushels of com are dehvered, 
the scale falls, loosing the catch of the slide, which immediately shuts, and allows a bell that has 
hitherto rested upon the top of it to swing olear,and ring, thus calling the attendant to put a fresh 
sack on and reopen the sUae. 

The whole process, from the time when the com in the straw is fed to the threshing machine, 
Fig. 522, to the time when the grain, dressed and sorted for market, is sacked in half-quarter quan- 
tities from the spout Q, Fig. 524, is thus entirely self-acting ; and in this time the following separa- 
tions are made :— straw, cavings, chaff; seeds, hght com, tail^wm. best com ; besides dust, which 
must inevitably be mixed up with the straw at first, and which is blown away in the process. 

Q 2 
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The porteble thnshlug tnaehme ia turn ao utanged u to combine the dienCng and Mpftntiiig 
process witb the threabing uid winnowing in one mBchlne. 

The riddle-boaids K and O, Fig. 522, uo d 

u Is sJso the blower or feu F, tbo* forming tn 

ring tbrongh the first set, BTriTos at the spout B, u before described, bom which it is t&ken np 
BlevatoTB, »nd passed into the hopper ot a harley-horaer Y, pl»™d under the dickej A rf 
the portable machine. It ia tbos passed to the other side of the machine, where it falls down in 
fnmt of the second half o( the divided blower, corre^oding to the blower P in Fig. 524, upon 
the new or second set of riddles, oorreeponding to the nddlos K and O in the same %nre, down to a 
■eoond spoat corresponding to the spout B on the other ride of the maobine. It is here again taken- 
np by another set of elevators, and discharged into the hopper B of the aeparator, Figa. 544, 515, 

rsing through the revolving screen H, and being delivered as before, the light oom by the spout 
the tail at N, the beet at Q, and the seeds and dirt at EB. 

In thia separator a blower F ia fixed, either above the machine and aoreeti-Gaae H, to blow all 
chaff and aeeds out before passing into the screen, aa in Fig. 544, or at the end, as in Fig. 546, la 




the latter plan, shown in Fig. 545, the oora ia subjected to the action of the blast while on the 
icreen. and in Calling from it. The BJTftligement, however, shown in Fig. 544, introduced by 
Clapton, Bhuttleworth, and Co., ia found to be an improvement, and has been adopted in place oif 
the other arcaogemenl. The {dan first trial was to blow up the screen : then under : then np and 
under; bnt in the last plan the chafi' and tight com are blown oat before reaching the revolviiig- 
Bc^een H. consequently power is saved ; and eiperienoe shows that a better sample is obtained by 
this arrangement. In both the plans, shown in Figs. 544 and 545, bnuhee ZZ are fixed above 
the revolving screens H to keep the wirea clear. The ^^ 

Bcpatating apnaratos is fixed on the aide of the portable 
threehing tnaohine, and the grain Is delivered in the same 
■eparatioiu! as enumerated previously. 



In the prMent machines In this country the straw is fed 
across the drum, so as to allow the drum to " bonlt " it, or 
carry it through withont twisting or breaking the straw, 
which is with many farmers a serious consideraoon. In the 
old and in the present American machines, the straw is 
broken np by neejks of |ieES on the dma and breastwork ; 
but as the Royal AgncaJtnral Society take notice of the 
ctate of the straw, whether it is broken oi not, it has become 
an object to preserve it. 

With regard to the riddlea, the top riddle-plate E, Fig. 
S22, is coarse in the openings, to allow the com to pass 
through freely; the second riddle O ia finer; and in the 
combined machinee with the split-blower and riddle*, the 
third and fourth riddles, oorreeponding to K and in Pig. 
S2S, ua each finer than the one befbra it. The riddlea are 
•ouetimes made of wire netting, and sometlnMS of wood 
perforated at an inelinatioa ; bntmorefreqnentlyof pnnehed 
■heet Iron. 

The next process through which the grain has to paaa 
ii grinding, breaking, or kibbling, as it is called, acoordina; 
to the degree of flneneaa of the meal reanired. fieverj 
methods nave been eropoaed, bnt the old plan of one stone revolving above another which is fixed 
is stUl fnmd as good and economical m any. Fig. 546 shows a vertical aeetion of a portable com- 
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mill oonstnioted on this plain. The corn being fed into the hopper A, ia shaken down the spont B 
by the damsel 0, working against the spont, into the eye of the npper or running stone D, whence 
it gets into the f unows of the two stones D and £, passing out from them as meal mto the casing F, 
from which it is carried off by the spont G. Motion is given to the runner D from the pulleys a. 
through the shaft I by means of the mitre-wheels J to the vertical spindle K ; at the top of the 
spindle are two studsTon which rides the casting L, which in its turn carries the running-stone D 
by the two steps O. The damsel being fastened in the casting L, receives motion from it. The 
bed-stone E is adjusted by the set screws M M ; and the screwed wedges N keep the wood-packing 
against the spindle K. The coarseness or fineness of the meal is regulated by the hand-wheel P 
working a worm-gearing in the worm-wheel Q, which is keyed on the top of a brass bush resting in 
an out^ bush or seating, with a square thread cut in the two bushes r thus, by turning the wheel 
P, the worm-wheel Q causes the inner bush to turn in its seat on the thread, thereby raising or 
lowering the spindle E, and with it the upper stone D. The hand-wheel B acts as a nut upon the 
screw S, raising or lowering the spont or shoe B, and thus diminishing or increasing the feed to 
the stones. The object of these mills on farms is to break wheat, barley, oats, &o., into meal for 
food for man and beast ; it is only worked oooasionally, and therefore the arrangements for cooling 
the flour and meal are not re(|uired. 

The Flour-dressing Blachme consists of a case containing an inclined cylinder of wire gauze 
of various degrees of fineness; on a spindle passing along the centre of this cylinder are fixed by 
means of arms keyed on it a set of brushes, which revolve at about 800 to 500 revolutions per 
minute. The m^ or broken com is passed into one end of the cylinder, and the fine fiour falls 
at once through the wire into the first compartment ; by means of the brushes and alterations in 
the gauge of the wire five or six separations are made. 

The smaller implements forming part of the bam wotka are of modem introduction, and have 
been brought forward by science to assist the practical agriculturist. Those in most general use 



Linseed and Com cnuhers; Chaff-cutters^ cr Strtsuxhoppers ; Twmip<\Uters and Sooi'Cutters ; 
Ocrse crushers or cutters ; Oilcake crushers or breakers. 

The Linseed and Com crushers have been introduced to effect a saving in the quantity of com 
necessary for animals, as the crushing or bruising ensures the whole of the nutriment contained in 
the grain being rendered available, instead of the animal swallowine the food without properly 
masticating it. The process is simple; the grain is merely passed between plain or grooved 
rollers, crushing, not grinding, being the object ; the bulk is thereby increased at least one-thiid, 
and its nutritive power in tne same ratio. This idea is really of very old date, though only of 
recent adoption, having been recommended by Hartlib in 1650. 

The Chaff-cutters are made with two or more knives shaped concave or convex towards the 
edge, and fixed on a shaft carrving a fly-wheel. A feed-motion is attached to bring the straw or 
hay up to the Imives, the straw being placed in a box, and the knives working across the end of 
the box and close against it. The length of the cut is variable, and may be altered from about 
} inch to 3 inches by adiusting the amount of the feed. 

Turnip-cutters are discs, arms, or plates of metal with knives or cutters to pare or slice turnips 
or other roots, which lie against the Knives by their own weight ; the roots are cut in slices for 
cattle, and in strips for sheep, cross-cutters being then introduced. 

Gorse-orushers are made with toothed rollers to braise the gorse for feeding beasts, which eat 
it with avidity ; it is crushed by the machine to a harmless pulp, and cut into short lengths. 

Oilcake-breakers are made with toothed rollers, by which the cake is taken hold of and broken, 
the cut being adjusted by set screws, so as to reg^ulate the degree of fineness required, according as 
the cake is being broken for cattle or sheep ; the dust from the cake passes through a grating. 

The results of experience with the several machines have led to the adoption of the following 
speeds of working aa the most eligible for the puipoee : — 

The speed of the drum of the threshing maonine is found to be best at about 5000 ft. of the 
eireumference a-minute. 

The straw-shaker should pass the straw at the rate of 75 to 80 ft. a-minnte. 

The shogging-boaid and riddle-board should be worked at about 200 revolutions of the crank 
a-minute. 

The blowers should ran at about 2000 ft. of the ciroumference a-minnte. 

The barley-homer spindle should make 400 to 500 revolutions a-minute. 

The elevators should work at 100 or 150 ft. a-minute, but the rate is dependent upon the 
quantity to be taken up, and it may sometimes be found necessary to quicken the speed. 

The best speed of a 8-ft. stone for a mill rimilar to the one described is found to be about 140 
to 150 revolutions a-minute, or about 1400 ft. a-minute of the oiroumferenoe, instead of 1550 to 
1600 ft. arminute, as given by the ordinary rale, the lower speed giving the greatest quantity of 
work done for the least amount of power expended. 

The smaller machines are not so delicate in their operations, and are more dependent upon the 
kind of stuff they are fed with and the state it is in, and therefore do not allow or any flixed rule. 

The growth of the threshing machine having been traced from the simple threshing dram and 
breastwork to the complete machines now in use, an interesting experiment may be mentioned, 
which was tried at the meeting of the Torkshiro Agricultural Society, at Bipon| in 1854. to ascer- 
tain tiie power oonsumed by the several parts of the machine. 

A combined fixed machine with a dressing apparatus as described, required 6*15 horse- 
power to drive it when at work, and 1'77 horse-power when empty, leaving 4*88 horse-power 
available for doing the work. This machine threshed 200 sheaves of wheat In 18 80 minutes, and 
the power expended wasaooordinglv 6' 15 horse-power for 18*80 minutes, equivalent to 84*87 horse- 
power tor one minute: or, multiplying bv 83000 and dividing by 200, the power expended — 

14004 imits of work to thresh 1 eheaf of wheat 
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(one unit of work being one pound weieht nited one foot high). The 1*77 hone-power required 

to drive the machine, when empty, was divided as under : — 

Horse-power. 

Dressing Machine '37 

Elevator -11 

Bhaker and Biddle *28 

Blower -20 

Drum and Shafting *81 

Total 177 

A similar machine required 4*23 horse-power to drive it when at work, and 2*70 horse-power 
when empty, leaving 1 53 horse-power available for doing the work. This machine threshed 200 
sheaves of wheat in 22*68 minutes, and the power expended was accordingly 4*23 horse-power for 
22*68 minutes, eauivalent to 95*94 horse-power for one minute; or, multiplying by 33000, and 
dividing by 200, the power expended was — 

15830 units of work to thresh 1 sheaf of wheat. 
The 2 *70 horse-power required to drive the machine when empty was divided as under :— 

Hono-power. 

Dressing Hachine *34 

Elevator '28 

Bhockboaid and Pulley *89 

Blower and Drum 1*46 

Main Shaft and Shaker '23 

Total 2-70 

The power expended in threshing 1 sheaf of wheat has been gradually increased fnm about 
6000 units in the earlier machines oy the additions in successive years of further apparatus 
to rendet the process more complete, several operations being combined in the one machine. 

Taking a similar basis of calculation, the power tequired to work the portable corn-mills and 
smaller bun implements, as reduced from the average results of the trials at the show of the Boyal 
Agricultural Society in 1855, iB as follows : — 

Portable Corn-mills, about 9000 units to grind 1 lb. of com. 
Corn-crushers, „ 3600 „ to crush 1 lb. of linseed or oats. 

Chaff-cutters, „ 2200 „ to cut lib. of chaff. 

Tumip-outters, „ 150 „ to cut 1 lb. of turnips. 

OUeake-breakers, „ H^ " ^ v"*^ J lu'^'J'^ r*"'*?**^®' 
vruvwki7-u<«»Ac»o, „ ^ ^5Q ^ ^ break 1 lb. of cake for sheep. 

A trial of threshing macliines took place in Kent, in April, 1856, when one machine threshed, 
without finishing, about 21| quarters of wheat with 350 lew. of coal in 34 hours ; while another 
machine, having extra macldnery attached to it for finishing, threshed and finished for market in 
the same time about 25^ quarters idth 563 lbs. of coal, and that under disadvantage, owing to very 
high wind, and the windy side of the stack having fallen by lot to it. A stack of barley was 
threshed and finished by the second machine in 7| hours, including stoppages amounting to 
1^ hour, making the actual time 64 hours t in this time the machine was found to have yielded 73 
quarters of barley, or at the rate of 11 *23 quarters per hour ; the engine employed was of 7 horse- 
power.— <Taken from a paper by W. Waller, given in " Proc. Inst, of Mec. Eng.,' 1856.) 

BABKEB'S MILL. Fb., Eoue hydrauHqtie d$ Barker; GsB., Segner^a Waaaerrad; Ital., Ifu/i- 
nelh idraiUico a reazione ; Span., Moiino de Barker, 

The simplest form of reaction water-wheel Is that of Barker's Mill, Fig. 547. Water-wheels 
are divided into groups according to the form of the part which receives immediately the action 
of the water. 

The following synoptical Table exhibits at one view the different kinds of water>wheel8 and 
machines of rotation : — 



Water-wheels 

and machines 

of rotation 



eels I 
inea \ 



Vertical 



with floats.. 



( plane, r a water-course { J?^^^- 



^Q I an indefinite fluid, 
curved. Wheels of Poncelei. 

JI^^S?^ I at summit. Overshot wheels. 
^^i"r5 below summit. Breast or undershot. 



^'^^' I r with floats.. 

Uorizontal.. Ljth conduits. 



water 

struck by an isolated vein, 
placed in a cylinder. Tub-wheela. 
outside cylinder. Turbines of Fbumeyron. 
Turbines of Burdin, of Boyden. of Francis. 
{ reaction. Barker's Mill. Wheels ot Signer, of Euler. 

The water-mill, shown in Fig. 547, invented by Barker, performed the operation of grinding 
com without either wheel or trundle ; A is a pipe or channel that brings water from a reservoir 
to the upright tube B. 

The water runs down the tube, and thence into the horizontal trunk C, which has equal arms ; 
and, lastly, runs out through holes at d and e, opening on contrary sides near the endiB of thoee 
arms. These orifices, <f, e, have sliders fitted to them, so that their magnitude may be increased 
or diminished at pleasure. 

The upright spindle D is fiixed in the bottom of the trunk, and screwed to it below by the nut 
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g, and \b fixed into the trnnk by two orosa-bars at / ; so that, if the tube B and trunk C be turned 
round, the spindle D will be turned also. 

The top of the spindle goes sauare into the rynd of the upper mill-stone H, as in common 
mills ; and as the trunk, tube, ana spindle turn round, the mill-stone is turned round thereby. 
The lower or quiescent mill-stone is represented by I, and K is the 
floor on which it rests, in which is the hole L to let the meal run 
through, and fall down into a trough which may be about M. The 
hoop or case that goes round the millnstone rests on the floor K, and 
supports the hopper in the common way. The lower end of the 
spmdle turns in a hole in the bridge-tree G F, which supports the 
mill-stone, tube, spindle, and trunk. This tree is movable on a 
pin at K, and its other end is supported by an iron rod N flzed 
into it, the top of the rod going through the flrst bracket O, and 
having a screw-nut o upon it. above the bracket. By turning this 
nut forward or backward tne mill-stone is raised or lowered at 
pleasure. 

Whilst the tube B is kept full of water from the pipe A. and the 
water continues to run out from the ends of the trunk, tne upper 
mill-stone H, together with the trunk, tube, and spindle, turn 
round. But if the holes in the trunk were stopped, no motion 
would ensue, even though the tube and trunk were full of water. 
For, if there were no hole in the trunk, the pressure of the water 
woiUd be eaual against all parts of its sides within. But when the 
water has tree egress through the holes, its pressure there is en- 
tirely removed: and the pressure against the parts of the sides 
which are opposite to the holes turns the machine. ' 

James Bumsey improved this machine, b^ conveying the .water 

from the reservoir, not by a pipe, as A D B, m great part of which 

the spindle turns, but by a pipe which descends from A, without the frame L N, till it reaches as 
low or lower than G, and then to be conveved by a curvilinear neck and collar hom G to ^, 
where it enters the arms, as is shown by the dotted lines at the lower part of the flgure. 

Most of the authors who have attempted to lay down the theory of this mill have fallen into 
error. The most ingenious theory we have yet seen is by William Waring (given in the ' American 
Transactions,' vol. iii.), which, with some such corrections as appeared neoessary to adapt his rules 
to practical purposes, is nearly as follows: 

The flrst inquiry relates to the magnibtde of the pipe which conveys the water fh>m the 

reservoir to the centre of the horizontal tube e <i, at g. To this end, let A = the area of 

the orifice by which the water is admitted at ^ ; A = the perpendicular height of the surface 

of the water in the .reservoir above ^ ; d = the vertical depth of any horizontal section of the 

pipe below the same surface ; S = the surface or area of the horizontal section of the pipe, at 

the depth d. Then, since the areas in the several parts of the pipe should be inversely as the 

velocities, and the velocities are in the subduplicate ratio of the depths below the head, those 

8 /A 

areas must be inversely in the subduplicate ratio of the depths ; consequently, -r- = -^y-^ , and 

A V " 

S = A y/ -^ . So that the pipe must have its bore increased from the level of g upwards in 

the ratio of 1 to v -^ : ^nd if a section in any part be less than would be assigned by this 

ratio, the water will be obstmoted in its passage. 

Of the Initial Force with which the Machine eommences ite Motion. — If we conceive the water 
pressing in the tube from g towards tf, previous to the opening of the aperture, there will mani- 
festly be no motion occasioned, because the forces on the opposite sides of the tube balance each 
other, and the foree against the end is resisted by the fixed axle D^; or, if we consider both 
arms, it is balanced by the equal force acting upon the equal end at d in an opposite direction. 
But if one of the apertures, as d (its area being = a), is opened, the pressure upon that portion of 
the tube is taken away, and the equal and opposite pressure upon an equal portion of the contrary 
side of the tube, having now nothing to keep it in equilibrio, tends to move the arm O^ about the 
axis D <7. In like manner, when the aperture e (also = a) is opened, the pressure, which was 
previously counterbalanced by the opposite pressure on the orifice e, now exerts its tendency to 
produce a rotatory motion about the axis D^; so that, combining together the effiocts of both 
these unbalanced pressures, and considering ihsA the pressure of water upon any point is propor- 
tional to the depth of that point below the upper surface of the fluid, we shall have 2 a A to for the 
force which causes the rotatory motion to commence ; the values of a and A being taken in feet, 
and w representing 62) lbs. avoirdupois, the weight of a cubic foot of water. But as the velocity 
of rotation increases, the pressure depending upon the relative velocities of the water and the 
sides of the tube diminishes, and consequently the power is diminished, notwithstanding what is 
gained by that which we now proceed to consider. 

The Centrifugal Force. — This may be found in a similar manner to that which is adopted when 

oottsidering the theory of the centrifugal pump. Thus, if, besides the preceding notation, we take / 

for the length of each arm gd^ge^t for the time of rotation, g for 32) ft., the measure of the force 

of gravity, and w for 8*141593, since a is the section of the flowing water at right angles to its 

2 ir' /* 
motion, we shall havB, by proceeding as in the article just referred to, — ^ s the length of 
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a oolnmn of water, whose proBSiue is equal to the centrifugal force, or rr = 76*70fi25 -— 

the weight of a oolmnn of water in Ihs., which is eqniyalent to the oentrifngal force of the fluid in 
both arms. And this is equiyalent to the augmentatirai of power at the apertures, becaose fluids 
press equally in all directions. 

The inertia of the fluid greatly counteracts the effects of the centrifugal force. The inertia of 
the rotatory tutie with the oontamed fluid would not continue to resist the moving power after the 
velocity became uniform, were the same fluid retained in it as was in it when the motion was flrst 
imparted ; but as this passes ofE^ and there is a continual succession of new matter acquiring 
a motion in the direction of the rotatory, there must be a constant reaction against the sides of the 
tube equal to the communicating force. Now this reaction is very different from that of a fluid 
confined in the tube when it be^;ins to move, because a particle at the extremity of the tube is not 
to receive its whole circular motion there, but gradually acquires it by a uniform acceleration during 
its passage along the tube ; so that we must nere inquire what force will give to the quantity of 

water a /to, in the time — of its passing through its respective horizontal arm, the velocity 

V 

2 w r 

— - — , in the direction of the aperture. Then, according to the rules given £6r forces in dy- 

,,, , 12-279a/« 8-0208 ,« «„„« «/« . ., .. . ,, , 

namics, we shall have x — = — = 19-6878 — -- for the resistance m lbs. opposed 

tot 

to each arm, such resistance being estimated as if accumulated at the distance )/ from the 

centre of motion. 

Acquired Velocity of the Water, — According to the theory of hydraulics, the velocity of water 

issuing through an aperture at the depth A below tiie upper surface of a reservoir, is expressed 

by 8*0208 a/ ^> which when reduced, in conformity with the experiments, becomes 5^ A very 

nearly ; and this is the velocity of the water passiiig out of the tubes at the commencement of 

the rotation. Then, as 

i/2ahw:5j^h:: '\/(^2aA« + 76-70625^^: 5 \/(^A + 38-85312 j^^ 

the required velocity of the water. 

Eatio of the Central Force to the Inertia, — This will be ascertained by substituting for v in the ex- 
pression 19-6878 ^ , its value just found; so that we have 98*439 ^ x \/ ('61Z65 "*" "^ ) 

aP 
for the inertia, while the centrifugal force is measured by 76*70625 -^. Now we find that 

76*70625^ : 98*439^ X \/ ^-61865 Af V ; i ; 1.2833 \/ f- 61365 ^Y or as 1 : 

'V ( ^ + IS — ; ) ^^'y nearly ; which is the ratio of the power gained by the centrifugal 

force to the obstruction arising from inertia. Whence it appears that the latter is greater than 
the former, except when < = 0, A = 0, or / = od , cases never occurring in practice ; and that the 
longer the arms, the less the fiall of water, and the greater the velocity of rotation^ the nearer 
these forces approach to the ratio of equality. 

Adjustment of the Parte and Motion. — Here it must be particularly observed that the centrifugal 
force uiould not exceed the gravitv of the water revolving in the arms gd,ge; for in that case the 
water would be drawn into tiie tube faster than it could be naturally supplieid at its entrance, by 
the velocity proper to that depth, and of consequence a vacuum must be occasioned ; nor should 
the velocity of the apertures be greater than half that of the water throuj|h them ; for the 
apertures being still adapted in noint of magnitude to the velocity, the effluent quantity or 
number of acting particles is as tne time, the momentum is in the simple ratio of the relative 
velocity, and therefore the greatest effect will be produced when the velocity of the aptertures is 
equal to half that due to the head of water. These two conditions expressed algebraically will 
funuah the equations, 

76*70625 ^ = 2 a/w . . . . All = | V MW; 

fW)m which equations we deduce the following, 

( A = 9*29345/ = 15*1446 l>, 
namely, / = 1*6296 fi = *1076 A, 

i = V61865 / = V06603 A. 

Whence it appears that A, /, and <<, are nearly in the constant ratio of 15, 9), and 1. 

Still it should be observed, that while / and t are preserved in a constant ratio, the values of 

76-70625 ^, and of 12*273 ^, that is, of the central force and of the inertia, must remain the 

same ; so that the brachia may be made of any length at pleasure (not less than * 1076 A) if the 
time of revolution be taken in a corresponding proportion,, or so that the velocity of the apertures 
undergo no variation, which will be ensured by making t = V* 61365/; for a double or triple 
radius, revolving in a double or triple time, or witii half or a third the angular velocity, has ih» 
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same absoltite velooity at the extremity ; and with the aame power there applied, will prodnoe 
the same effect. Hence, 

The moving force cmd vehciijf of the machine^ when the effect if a tncucimumy may be fomid. For, 

if we put -eised/for <>, and 9*29345/far A, in the expression \/A+ ^'^ *^ Yitbecomee 

a/1 + 8 = 2; in which case the resistance of inertia is just double the central force, or the 
grayity of the water in the tube = 125 a /, which, taken from the impelling force, leaves 62*5 
(a A + — 12^ <> ' = ^'^ <" (A ^ = ^'775 a h lbs. aYoirdnpois = the real moving force, at 
the distance of the centres of the apertores from the centre of motion, / being taken = *1076 A. 

And by a like substitution, the velocity -^//TTlf becomes j Vll076 A = 2*63205 ^ ^ feet 

per second. 

Area of the Aperturee, — ^If A = the area of a section of the race perpendicular to the direction 
of its motion, v = its velocity per second, both in feet, a and A as before ; then it will be 

AV = 10 a VI A + *61865 -^ ) cubic feet = the quantity of water emitted per second by both 

. . AV 070066 AVV* ^^. , ^*v ^ 

apertures : hence a = = r ^ — , the area proper for one of the apertures. 

From the preceding investigation we may deduce the following rules. 

1. Make each arm of the horizontal tube, from the centre of motion to the centre of ihe 
aperture, of anv convenient length, not less than |th of the perpendicular height of the water's 
surfiace above these centres. 

2. Multiply the length of the arm in feet by '61365, and take the square root of the product 
for the proper time of a revolution in seconds, and adapt the other parts of the machinery to this 
velocity; or, 

8. If the time of a revolution be given, multiply the square of this time by 1 * 6296 for the pro- 
portional length of the arm in feet. 

4. Multiply together the breadth, depth, and velocity per second of the race, and divide the 
last product Dv 14*27 times the square root of the heieht, for the area of either aperture ; or, mul- 
tiply the continual product of the breadth, depth, and velocity of the raoe, by the square root of 
the height, and by the decimal *07; the last product, divided by the height, will give the area 
of the aperture. 

5. Multiply the area of either aperture by the height of the head of water, and the jnoduct by 
55*775 (or 56 lbs.), for the moving force, estimated at the centres of the apertures in pounds 
avoirdupois. 

With respect to different forms and developments of reaction water-wheels, we give, with 
some slight, but necessary, Alterations, the following general observations from a £eatise on 
Hydraulics, by J. F. D'Aubuisson de Yoisins. 

We designate hj the appellation reaction water^heeU machines in which the water contained in 
them, and which issues mm them with a certain efibrt, reacts upon the parts of the machine 
opposite the orifices of issue with an equal effort ; in oonsequence of whicn it constrains these 
parts to reooU, and so occasions the motion of rotation. The following example will enable us to 
appreciate this mode of action; but before giving this example, it h necessary to revert to a 
principle. 

The equality between action and reaction, which is regarded nearly as an axiom in mechanics, 
has been directly demonstrated by Daniel Bernoulli, in the case of a jet issuing from a vase 
(* Hydrodynamica,' pp. 279 and 803). He found, by calculation and experiment, that the effort 
exerted upon the vase by the reaction of the jet was equal to the weight of a prion which had for 
its base the orifice, and for its height twice the height due to the velocity of issue ; and we know 
that such is the measure of the effort of which the let is capable. 

Let there be a vase or great vertical tube, of wnich A is the base, Fig. 548, which is movable 
around its axis G, at the foot of which is fixed a horinmtal tube B D, open at B, and closed through 
its remaining extent. If tMs apparatus be filled with water, the 
fluid will exert an equal pressure on all parts of the tube ; that ^ 

which takes place at any point will be destroyed by the pres- jgg^ a If 

sure upon the point diametrically opposite, and there will be p^!5^ | — r p 

an equilibrium. But if we make an orifice at a, for example^ \jg^ * * 

there will no longer be a pressure upon this point ; that exerted 

upon the opposite side wiU be no longer oounterbidanced, and it will drive the tube in the direc- 
tion from a toe; the jet issuing at a, acting by its reaction, will cause the machine to turn around 
its axis 0, and in a direction opposite to its own, in the same manner as the elastic fluid arising 
from igniting the powder oontaoned in the charge of a squib or rocket, issuing downwardS| drives 
it rapidly upwards. 

If, at the lower part of the great vertical tube A, we have radiating from it many tubes similar 
to B D, and similarly pierc^ we shall have the machine of reaction designed, towards the 
middle of the last century, by Segner, professor of mathematics at Qottingen, which the Germans 
consequentiy name Seaner^t Whed. 

Euler, having made this an object of his studies (' Academic de Berlin,' 1750). proposed, 1st, 
to give a curvM form to the horizontal tubes, so as to obtain a pressure resulting from the 
centrifugal force ; 2nd, to cause the water to issue through the extremities of the tubes, which 
extremities he curved so as to make them perpendicular to the radius of the wheel drawn to 
them. 
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M. Kanotiri d'Eotot, profltingf by the indication of these impioTementa, planned a machine 
snoh as we 866 in Fig 549, Its tubes, swelling in the middle, and curred like an CO, were united 
and held by iron bars. The motive water is oonveyed to them by means of a great vertioal tube, 
which is bent horizontally at B, and, passing under the wings 
CT revolying anus, noes veiticallyy and terminates at the common 
centre 0. 

These wheels have been suooessfully established in the mills 
of Brittany, of Normandv, and of the environs of Paris ; ** from 
authentic experiments, they produced an effect superior to that 
of the best executed * pot-wheels,*** says Oamot, in the name of 
the commission of the Institute appointed to the examination of 
this machine ('Journal des Mines,' 1813, tom. XXXTII.). How- 
ever, in conmion practice, we cannot, without difficulty, keep tight the junction of the stationafY 
part, the tube conducting the water, with the movable part, the wings or arms of the wheeL 
Otherwise, this wheel seems better fitted than any other to transmit the action of a current of 
water directed from below upwuds, such as issues from certain artesian wells. 

Euler, whose ideas upon these reaction machines were derived &om Segner's, designed one 
which seemed to him better fitted to reap the full advantage of this mode of the action of water. 
It had the form of a great belL or rather, it was a truncatea cone, hollow in the middle, consisting 
of two concentric surfaces, made of sheet-iron plates, with a space between them, open at the top 
and dosed at the bottom; small bent pipes were fitted vertically all around and at the bottom, 
their extromities being horizontal and in the direction of the motion, or rather, in a direction 
opposite to it. The motive water entering at the top of the machine, 
mled'the space between the two conical envelopes and iasuea 
through the small tubes. Though unwieldy, this machine has been 
used advantageously in France. 

Three years after, Euler gave a more complete theory of reaction 
wheels ; and on this occasion he projected a second, which is described 
in the * M^oires de TAcad^mie de Berlin,* 1754. It consiBted of two 
parts, placed one above the other as shown in Fig. 550. The upper 
was immovable, and formed a cylindrical and annular reservoir, with 
small tubes fixed to the botttmi, rectilinear, but inclined at an angle 
determined by calculation, and delivering the water upon the lower 
part. The latter, movable around its axis, presented at the top an 
annular trough, from the bottom of which projected twenty tubes, 
diverging in their descent, the ends of whicn, oent horizontally, de- 
livered the water in the air. All of these pipes were covered, as far 
as the bending, by a smooth sheet-iron surface, designed to lessen 
the resistance of tne air. 

Such a machine, with tubes uniformly curved, not being ob- 
structed at their extremity, and not being entireW full of water, 
has a close resemblance to the duct-wheels of M. Burdin ; and the theory of Borda would be 
equally applicable to it. 

The learned engineer whom we have just named, and to whom the works of Euler were 
unknown, also made a reaction tur^ne, which bears a great resemblance to that of the illustrious 
geometer. We give a short desciiptUHi of one which he established at the mill of Aides, in the 
department of I^y-de-Dome. 

The fall is 6*56 ft. Under a wooden basin, where the water is maintained at a constant 
height of 8-28 ft., is placed the machine of rotation represented in Fig. 551. Three injecting 
oriflceB, fitted to the oottom of the basin, deliver the water horlzon- 
tallv in the crown, or small annular basin, which forms its upper part. 
It then enters into three pyramidal enclosures, with vertical axes, whose ip 
extremities aro bent horizontally, having an orifice of issue. The height %> 
of the machine is 3*28 ft. ; and generally it is one-half the fall. 

It is contrived so that the turbine, under the injecting orifices, may 
have a velocity of 14 • 53 ft., that due to the height of 3 * 28 ft. The water 
arriving upon the machine with a velocity equal to that of the points 
which receive it, thero is no shock. Moreover, the head upon the orifices 
of the conduits being 3*28 ft., the water will issue from them also with 
the relative velocity of 14 '53 ft. : and as that of the orifices in an opi>o- 
site direction is the same in value, the absolute velocity of the fiuid will 
be zero. The two conditions necessary for the maximum of effect are thus 
fulfilled, and the dynamic effect of the turbine will be P H. The total 
fall of the water being put = H. This fall, when it is taken to measure the entiro force of the 
current, is the difference of level between tiie fiuid surfaces of the upper and lower reaches. But 
for hydraulic wheels it is reckoned from the upper level, or that of the reservoir, to the lowest 
point of the wheel, as this point may be lowered to the level of the lower reikch, when this 
level is constant. P = the weight of water furnished in one second by the motive cunrent. 

But in practice, many droumstances always occur to change the conditions of this greatest 
effect. Stul, M. Burdin has never seen the useful effect of his reaction turbines below 0*65 P H, 
and sometimes it has been as hU^h as 0*75 P H (* Annales des Mines,' tom. III., 1828). 

Nearly a centuiy has elapsed since the theory of reaction machines was the object of Euler's 
researches: his memoirs upon this subject, which, however, I am not in a situation to properly 
appreciate, bear, according to competent judges, the impress of his analytical genius. But since 
their publication, and partly in consequence of the works of this great man, the theory of machines 
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in motion, especially in all pertaining to their dynamic eifectt has reached a much greater degree 
of generality and eimplicity . 

For a summary application to reaction wheels ot this theory, I will suppose, with M. Navier. 
that the water enters them without shook, and runs through them without a sudden change of 
velocity ; I shall only then, have to consider its absolute vdocity immediately after its exit from 
the machine. Wo have remonstrated (see Tubbinx Watkb-whxkls) that when water issues 
through orifices made in the circumference of a wheel in motion around its vertica l aiis, its 
velocity, relatively to that of the machine, ia, upon the last element of the orifices, tj 2gh -f o* 
A beinff the height of the reservoir above these orifices, and v their velocity of rotation. We sup^ 
pose their extremity to be horiiontal, and perpendicular to the radius of the ciromnference 
described ; then, their velocity v is found directly opposed to that which the finid possesses upon 
this extremity, and its absolute velocity, immediately after quitting it, is then V2yA4-o* ^ v. 
But the dynamic eifect is equal to the force d the motor, minus the half of the ot« viva which the 
water posseaws after issuing from the machine, and we shall thus have 

B = PA-.-(A/2^A + i^-t»). 

This equation shows that the efiect is greater, as the complex factor of the second tenn in the 
second member is smaller, an d that it w ill be at its maxtrntifn and equal to P A when this factor is 
lero ; now, we cannot have V24/A4-^ — v = 0, except v is infinite. Whence we conclude that in 
reaction machines the effect can never be, even in theorv, equal to the force of the motor, and that 
it is greater in proportion as the velocity of rotation is the more considerable. 

Finally, in the year 1888, M. CkMnbea, mining engineer, took up the theory of reaction machines, 
and extended it to all the circumstances of motion ; after having studied carefnllv that of Euler, 
he established a mote general one, which he presented to the Acaoemy of Sciences ; but as yet it has 
not been published. From the short notice upon this subject. Inserted in the reports of the sessions 
of the Academy of Sciences (session of 6th AugustX the formula of M. Combes indicate in reaction 
machines what those of M. Poncelet have shown for turbines, that the velocity of the wheel may 
experience great variations, either increasing or decreasing, from that giving the fmupuiitiiii of 
efleot, without a marked diminution in this effect. *' It is necessarv,** observes the author, ** that 
the gates of the reaction wheel should be fixed upon the wheel itself ; and in order that the useful 
effect may remain always the same, notwithstanding the variations in the volume of water, it is 
requisite that the gates should act at once upon the whole of the orifices of entry and issue of the 
movable pipes, wmch should have between them a constant ratio^ detennined by the equation of 
motion." 

See Float Wateb-wbdia Otsbsbot Waxsb-wbbblb. TuBBm WAXiB-WBSELa. Uhdbb- 

SHOT WaTEB-WHBKLS. 

BAROMETER. Fb., BaromHre; Geb., Barometer; Ital., Barometro; Span., BarOmetro, 

A bcufometer is an instrument for detennining the weight or pressure of the atmosphere, and 
hence the actual and probable changes of the weather, or the height of any ascent. 

The form commonly used was invented bv Torricelli at Florence in 1648. It 
oonsiBts of a glass tube, 83 or 84 in. in length, closed at top, filled with mercury, 
except the vacuum at the top. and inverted in an open cup of mercury. A 
graduated scale is attached to tne tube to note the variations of the column of 
mercury. 

The Aneroid barometer is a form of the instrument in which the atmosphere 
acts upon the elastic top of a thin metallic box, which has previously been par- 
tially exhausted of air, and furnished with levers and an index to note the 
changes produced by atmospheric pressure. 

The Siphon barometer is another form of the common barometer. 

The Sympieeometer is another fonn of barometer. 

A Marine barometer is a barometer with tube contracted at the bottom to pre- 
vent rapid oscillations of the mercury ; it is suspended in gimbals from an snn or 
support on shipboard. 

A Mountain barometer is a portable merouxial barometer, with tripod support, 
and a cong, for measuring heights. 

A Wheei barometer iB a barometer with recurved tube and a float, from which a 
cord by passing over a puUey moves an index. 

ExperimCUts show that if a vessel be exhausted of air it will be lighter than 
when it was ftdl, hence air has weight. And we show (see Htdbostatio 
Balamob) how the weight and specific gravity of air may be accurately determined. 
The weight of a column of the atmosphere is shown by the barometer ; for, let 
A B, Fig. 552, be a glass tube, 84 in. long, open at A and closed at B. Fill the 
tube witti mercury, and placing the finger firmly on the end A, so as to prevent 
the mercury from escaping out of the tube, invert it, and plunge the end A into 
a vessel O D, of mercurv. If tiie finger be now removed, it will be found that the 
mercurv will stend at about 29 or 80 in. in the tube above the level of the mercury 
in the basin. That the mercury is sustained in the tube by the pressure of the 
air upon the surfihce of the mercury in the basin may be proved oy placing the 
barometer under the receiver of an air-ptunp. As the air is exhausted, the mer- 
cury sinks in the tube; and when the exhaustion is so complete that very littie 
pressure is exerted on the surfsoe of the mercury in the basin, the mercury in the 
tube and in the basin are nearly on the same leveL On the air being again 
admitted into the receiver, the mercury rises in the tube to its former height. Since the nre«ure 
of a fiuid on any portion of the surface is the weight of the saperinoiunbent column of the fluid. 
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the praonre of the merrary npwurds against the snrfaoe D, is the weight of a eolnmn of 
meronrj, whose base is D and altitude r E ; and this pressure ia balanced by the pressure of 
the air downwards on the surfooe C D. From numerous experiments it has been found that the 
density of air is proportional to the foroe that compresses it. For let A B G D, Fig. 553, 
be a bent oylinari(»J tube of glass, having one end A open and the other D closed. 
Suppose the communication Mtween the two branches to be out off by a small 

Quantity of mercury poured in at A until it just fills the base B O. Then the air in 
I D wiU be of the same density as the air in A B. If more mercury be poured in at 
A, it will foroe the mercury to rise in D O; and if this pouring be continued until the 
mercury stands at 8, as high above the point T, to which it has risen in D O, as the 
altitude of the mercury in tiie bajrometer, then that column of mercury, fhnn'what we 
have before shown, is equivalent to tiie weight of the column of air incumbent upon 
it. Hence the pressure against the air in D T, arising firom the pressure of the 
atmosphere and the mercury in 8 B, is twice as great as it was against the air in 
G D ; and it has been observed that D T = J O D ; therefore, the air being compressed 
into half the snaoe, the density is doubled. In like manner, if another oolumn of 
mercury be adaed, so that the altitude of the mercury in A B, above the mercury in 
G D, sliall be twice the altitude of the mercury in the bcurometer, the pressure of the 
air in D T, arising from the weight of the atmosphere and the mercury in 8 B, will 
now be three times as great as it was against the air in G D. Also DT has been 
found to be = ^ O D, and, therefore, the density in D T is = 3 times the density of the atmosphere. 
In this way the density has been found in all cases, within a moderate extent, to be proporti<nial 
to ^e compressing force. And since the force that compresses the air is balanced by the ^asticity * 
of the air, it is evident that the elastic force of the air is equal to the compressing force, and may 
be measured i>y it. Also it follows, that the elasticity of the air is proportionu to its density. 
This ia the law of Boyle. 

Gay-Lussao found by experiment, that all gases, under the same pressure, expand uniformly 
for equal increments of temperature: this is true, at least, from the freezing to the boiling point 
of the thermometer. Sdppoee a column of the atmosphere to rest on a base whose area is 1 ; and 
suppose this oolumn to be divided into an infinite number of strata, of equal thidmess, parallel to 
the horixon. Then, since each stratum of air is compressed by the weight of those above it, the 
lower strata will be more compressed, and, therefore, will be denser than those above thenk. 

The nature and properties of both atmospheric air and mercury have been carefully ascertained ; 
so far, the determination of the heights of mountains by the barometer presents no difficulty; 
but, to solve the ultimate equation, has, up to the present time, defied the dall of mathematicians. 
The formulas presented by writers on mechanics to effect tiiis object, only gave approximate 
results. This ultimate equation, which may be presented under the form [1^ can be acuved witii 
the greatest ease by dual arithmetic, a new art. 

..i(l±li(.^l)^..[H(,,l)']. „ 

In this equation all the quantities, except the required height ir, are known ; the logs.' are 
hyperbolic, and this equation may be put unaer the form 

/H 
in this last equation put v T = -^ • '^^ suppose A = hyperbolic log. of a, that is, suppose 

log.. a = A: pais=^/^{l + i), and B = l£±!Lll. 

These substitutions being made, [1] becomes 

« = A + B « log., jfl. [2] 

The base of the hyperbolic system of logarithms c = 2*718281828 and the dual logarithm of 
ff = 100000000, = 108, the dual logarithm of t is written j, c = 10". Equation [2] may be put 
under the form c* = ax*^'; taking the xth root of both sides of the last equation, we have 

fi9B 1 * /a\' -^ /«V 1 

Put »•■ = f, then -yj =s a'; therefore, f - j = a*" ; or i — j ss — p ; oonsequently 

f - W rs /'~"^^ •^. If c be put for the known quantity / — j-\" and y for -^ , the last 

equation becomes y* = e^ hence in a dual form we have y i, (y) = !• (c); [31 A general 
solution of all eauations of the form [8],' is given in Fart II. of the 'Art and &uence of Dual 
Arithmetic,' by Oliver Byrne. 

In measuring heights by the barometer, it is necessary to know, to the greatest nicety, the 
ratio of the density of mercury to that of air. The accurate and indefatigable M. Begnault 
found, at Paris, that a litre of air at 0^ centigrade, under a pressure of 760 millim^tivs, weighed 
1-298187 grammes; and at the level of the sea« in Utitude 45% it weighed 1*292697 grammes. 
He also found that a litre of meioury, at the temperature of 0^ cent., weighed 13595 08 grammes. 
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A litre of mter, ftt its nwiTiiniiTn density, weighs 1000 gntmmeB ; therefbie the ratio of the dennt j 

of meicnry to that of air, in latitndtf i5°, wiU be = VZl^ = 10517*49. 

At PariB, a litre of atmoepherio air weighs 1 * 293187 grammes ; but this nmnber is onl j oorreot 
for the looalitj in which the experiments were made— that is, the latitude of 48° 50' 14". and a 
height of 60 mHres above the leyel of the sea. Takins 1*292697 grammes for the weight of 
a litre of air under the parallel of 45° latitude, and at the same distance from the centre of tho 
earth as that at which the experiments were tried, to be 1 '292697 grammes, then, putting w fcr 
the weight of the litre of air, in any other latitude, any other distance from the centre of the earth, 

1-292697 (1 00001885) (1 - *002887) cos. \ _.. 

11 

n s 6866198 mMres, the mean radius of the earth, q the height of the place of observation 
above the mean radius, and \ the latitude of the place. In applying formula [4] to a particular 
example, the author found that at Philadelphia, U.S., lat. 89^ 56^ 51'' -5 N., the weip;ht of a 
litre of air was 1*^14892 grammes; the ratio of the density of mercury to that of air at the 
level of the sea was 10527*785 ; and n =: 6867653 metres at Philadelphia. 

Begnault also found, by experiments, that 1 '36706 represents the volume of air at 100° centi- 
grade thermouL, the volume at 0^ being supposed = 1. Before the time of Besnault, these and 
many other constants were greatly in error. Experiments show that air, under the same pressure, 
expands miifonnly for equal increments of temperature ; that the expansion due to tne same 
increase of temperature is not the same for all gases, as many scientific men have supposed. 
However, in air the expansion for a unit of bulk is '36706, according to Begnault, firom the 
froezing to the boiling points; and therefore the expansion for each degree of Fahrenheit is ^ 
of •36706. 

Let a = the expansion of air for each degree of the thermometer, k s the ratio of the elasticity 
of air to its density at the temperature of melting ice ; then the bulk at the temperature x will he 
increased, and therefore the density diminished in the ratio of 1 + « « to 1 ; consequently 
il (1 + • «) s the ratio dT the elasticify to the density at the temperature », 



p = the elasticity, \ at the surface of 

g = the force of gravity, / 
For the air, let { P s the elasticity. 



s the force of gravity, / the earth ; 

at the altitude m 



D = the density at temp. «, 
Q s the force of gravity, 



above the surfSsce ; 



then ^ s=i((l + ««),And.-.PsDi((l + aar). 

Then, for what is conventionally termed the difierential of P, in the notation of the differential 

calculus, put d P ; 

therefore, P ^ dP s the pressure at the altitude (« + d), 

P ss the pressure at tho altitude «. 

.-. — dP = the difTerence of pressures = DGd« = . , ^ ; r being put for the radius of 
the earth where the observation is made. 

••-¥■= irfr^ (t?T^)' "^ ^"^ ^^ i»*<««*«i.g. we tod 

^'* ^= Tafe (o^) +'°°^*' 

ooDwqiiently, log., p - log.. P = log.. | = f(i^) (7 " TTi ) ' 

From experiment it also appears that mercury oontraots uniformly as its temperature decreases. 

1H = height of barometer, | 
M s density of mercury, > at the surfsoe of the earth ; 

T s temperature of mercury, ) 

and H|, M,, T|, the same quantities respectively at the altitude m ; and -7 = the condensation of 

(T — T \ 
1 -K j~ J ; but, p = ^HM: 

and P= GH.M. »^j^fly (HOm(i + .^^): 

Putting A forA4--^^^MH,,andeq^iating the hyperbolic logarithms of the 1^ 
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^ with the Talue before found [5], we haye j-rrr — S ( "IT" ) " ^**'« I IT (^ "*" "") I* 

.....i<l±^(.^l)"v^'[|(.^lJJ. 

The temperature x has been sappoaed to remain the same throughout the whole column z, 
whereas it always decreases as wc ascend from the surfsoe of the earth ; but, beio^ ignorant ot 
the law of this change, a mean value M between the values at the two stations is taken and 
considered constant ; tiie mean r being siiostituted for x in tho last equation, [1] is established* 

We append the barometrical Tables of M. IMEathrew, from which the heights of mountains may 
be found by mere inspection. This method will be found useful when great accuracy is not 
required, or when an observer wishes to avoid the labour of calculating. 

These Tables, based upon Laplace^s formula, are sufficiently extended to enable heights— or 
rather, differences of level — ^to be oaloulated to nearly 9000 mitres. 

Let us suppose the following observations to have bea:i made : — 

IH, height of the barometer; 
T, temperature of the barometer ; 
<, temperature of the air. 
A, height of the barometer ; 
T', temperature of the barometer ; 
f, temperature of the air. 
The height h of the barometer, at the temperature T*, observed at the upper station, becomes A' 
when brought to the temperature T of the barometer at the lower station. Now, for every degree 
centigrade, the expansion of mercury is 0*00018002 ; that of brass, according to the beiometrio 

scale, is 0*00001878 ; and the difference of these two expansians is 0*00016124 = ^rg ; therefore 



wehaveA' = »(l + ^) 



Let « be the height of the lower station above the level of the mt^ and L the latttade of the place. 
The diflfarenoe <» level Z between the two stations is 

l^ + looo-/ 

(1 + 000265OOS.2L) 

\ ■*■ 6366198 ■*■ 3183099, 
This is the formula to which the equation of Celestial Afechanica is brought by introducing the 

term , which is relative to the height a of the lower station above the sea. 

0I00U99 

(T— T'\ 
1 + gQQQ 1 ; therefore, by calling M = 0*4342945 the modulus 

T — T* 

of the logarithms, we shall have log. A' s: log. A + H ., 

6200 

then 18336- log. A' = 18336" log. A + 1—2843 (T - T*), 

and lastly, 18336- log. ^ = 18336- log. ? - 1»*2843 (T - T^ 

A A 

and we shall be enabled, after the substitution, to put the foregoing equation in the following form : — 

\ ^ 1000 / 

Z=A8336«log.5-i«.2843(T-T'))x J (l 4- 00265 cos. 2 L + ^^^^ ^ 



. V "*" 3183099 ) 



It is from this complete formula, with all the data of the observations H, A, T, T', t sad <*, 
that the following barometrical Tables have been oonstructod. 
After having calculated the first approximate value of Z, 

o = 18336- log. -5L - 1—2483 (T - T^ 

A 

and the second, A = ai^^, we Shall have 



Z = A 



r A . « /v/.n^r «T . A + 15926\ \ 
(1 + 000265 COS. 2 L+—ggj^j 

^ \ ^ 3183099 J 



Table I. gives the metrical values of 18336- log. H and of 18336- log. A for barometrical 
heights firom 265 to 801 millimHres; only, all those values are diminiiwed by the constant 

44428 -'128, which neither altera the value of the term 18336- log. — nor of the difference 

18886- log. H * 18836- log. A. 
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Table n. gives the ooneoiion — 1 "'2843 (T — T^ dependent nnon the diffezenoe T ^ T' in 
the temperatures of the barometer at the two stations. It is generally snbtractive. It would be 
additive if T ^ T' were negative, that is, if the tempexature T of the barometer, at the upper 
station, were greater than the temperature T at the lower station. 

If the barometrical scale were divided upon glass or upon a wooden mounting, the correction, 
which then would become — 1 " '43 (T — T^, would be directly obtainable by calculation. 
-. l^ble nL gives, for an iq[>proximate height A, and the latitude L, the oonection, iJways additive, 



A 



f « /»/«»^e « T . A + 15926 \ 



The first term A 0*00265 cos. 2 L arises from the variation of gravity between the latitude of 

45 degrees and the latitude L of the place of observation. It is positive between the equator and 

45 degrees, and negative between 45 aegrees and the pole. 

A + 15926 
The second term .----^q A is due to the diminution of gravity in the vertical between 

the two stations ; it is alwavs positive and larger than the first. The sum of these two terms has, 
therefore, the advantage of being always positive. 

The small correction A |>|oqqqq ^ owing to the height a of the lower station above the sea. 

That height is known, but, with an approximation amply sufficient, we may take 

» = 18336- log. ^. 

760 

The oorreetion then becomes A * 00576 log. •=- 

u 

It is alwavs additive, and is given in Table IV. It is obtained at the lower station, together 
with A and tne height H of the oarometer. 

Method of performing the Caiculatum. — ^Take from Table L the two numbers corresponding to 
the barometrioal hei«^ts H and A, obtained by observation. From this difference subtract the 
correction 1" '2843 (T — TO, which will be found in Table II., together with the thermometrical 
difRerenoe T — T' of the barometers. The approximate height a will thus be got. 

The oorzeetion a ^^^ , for the temperature of the air, has next to be calculated by multi- 
plying the thousandth pcurt of a by twice the sum of the temperatures t and f. It bears the same 
sign as < + <*. A second approximate height A is then obtained. 

Having A and the latitude L of the place, find, in Table III., the correction, always additive, 

A 1 0*00265 cos. 2 L + -T^ | , which arises from the variation of gravity in latitude, and 

its diminution in the vertical between the two stations. 

When the heisht oi the lower station is rather great, or when the height H of the barometer 
at that station is below 750 milUm^tres, Table lY. will give the additive correction 

A 000576 log. ^. 

xl 

This Table has a double entrv, but the correction, which never varies very much, may be easily 
gathered at sight when it is wished to take it into account. 

fjKimp^.— Measurement of the height of Mont Blanc, by MM. Bravais and Martins^ on the 
29th August, 1844. Mean latitude, 46 degrees. 
At the lower station : 
Height of the barometer at the Observatory of (Geneva .. .. H = 729—* 65 • 

Barometrical thermometer T = 18^*6 

Free thermometer < = 19^*3 

At the upper station, 1 m^tre below the summit : 

Height of the barometer A =424»— 05 

Barometrical thermometer T'= — 4'''2 

Ftee thermometer *' = ^T'G 

t^MaT «ri,i«/fo'H = 729"«-65 8069-9 

Tablel.gives|j^y ^ _424»«*05 -3748—1 

Difference 4321—8 

TkbleH. gives for 1-^ = 22^*8 -29—3 

First approximate height a 4292—5 

Correction -^ 20 + = *'292x 23-4 + 100»'4 

Second appxtsximate height A .. .. 4392«-9 

aW)leni. gives for A=4392'9 and Ii = 460 +13—4 

Tahio IV. gives for H =5 729"" and 4400- + 0—4 

Difference of level between the two stations .. .. 4406"*9 

By adding 408 mUres to this difference of level— the height of the Observatory of Geneva 
above the sea, and 1 mi^tre more for the distance of the upper station bek>w the summit we fiud 
the height of Mont Blanc to be 4815<"'9 above the level of ue 
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Yalne of 1838 " log. H, and the Tftlae of 18386 <■ log. A. in m^tzefl, diminiflhed by the 0(^^ 

H, A, millimHrei^ height of mexoiixy in the Mrometer tube, ftt the lower end npper itation^ 
xespeotiTely. 



HoriL 



Mktna. 



Diffennoe. 



S65 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 

281 

282 

288 

284 

285 

286 

287 

288 

289 

290 

291 

292 

298 

294 

295 

296 

297 

298 

299 

800 

801 

802 

803 

804 

805 

806 

807 

808 

809 

810 

811 

812 

813 

814 

815 

816 

817 

818 

819 

820 

821 

822 



824 
825 
826 
827 
828 
829 
880 



4*5 
84-5 
64*4 
94*1 
123-8 
158*4 
182-8 
212*1 
241*8 
270*5 
299-5 
828*4 
857*2 
885*9 
414*5 
448*0 
471-8 
499-6 
527 
555 
583 
611 
639 
667 
694 
722 
749 
777 
804 
831 
858 
885 
912 
939 
965 
992 

1018 

1045 

1071 

1097 



•8 
•9 
■9 
'8 
'6 
'8 
•9 
•4 
*8 
•1 
*3 
*5 
*5 
•5 
•3 
•1 
•8 
•4 
•9 
•3 
•6 
•8 



1124-0 



X 
1 

8 
5 
1 
7 
2 



1150 

1176 

1202 

1227 

1253 

1279 

1304 

^830 

1355*6 

1380*9 

1406*1 

1431*3 

1456*4 

1481 -4 

1506*3 

1531*1 

1555*9 

)1580-6 

1605*2 

1629 

1654 

1678 

1702 

1727 

1751 



•8 
*2 
*6 
*9 
•2 
-8 



80 

29 

29- 

29- 

29- 

29 




9 
7 
7 
6 
4 



9 
-8 
•7 
'6 



29*8 

29*2 

29*2 

290 

28 

28- 

28 

28- 

28*5 

28-8 

28 

28 

28- 

28- 

27- 

27 

27' 

27- 

27- 

27' 



8 
2 
1 

9 
8 
7 
6 
5 
4 
3 
2 
2 


8 
8 
7 
6 
5 
4 
8 



27 

27 

27 

27 

27 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

25 

25 

25 

25 

25 

25 

25 

25 

25*2 

25-2 

25*1 

25-0 

24*9 

24-8 

24-8 



2 
1 

9 

8 
7 
6 
6 

5 

4 
3 



24 
24 
24 
24 
24 
24- 
24 
24' 



7 
•8 
6 
4 
4 
3 
8 
1 



HorJL 


UhUm, 


830 


1751-8 


831 


1775 4 


832 


1799-4 


838 


1828-4 


834 


1847-8 


835 


1871-1 


836 


1694-8 


837 


1918-5 


838 


1942*1 


339 


1965-6 


8iO 


1989-1 


341 


2012-5 


842 


2035-8 


843 


2059 


844 


2082-2 


845 


2105-3 


846 


2128*4 


847 


2151 -4 


848 


2174*3 


849 


2197 1 


850 


2219-9 


351 


2242-6 


852 


2265*3 


853 


2287*9 


854 


2310*4 


855 


2332*9 


856 


2855-3 


357 


2377*6 


858 


2399-9 


859 


2422*1 


860 


2444-2 


361 


2466-3 


862 


2488*3 


863 


2510-3 


864 


2532*2 


365 


2554-1 


366 


2575-9 


867 


2597-6 


868 


2619-3 


869 


2640-9 


870 


2662-4 


871 


2683-9 


372 


2705-4 


873 


2726-7 


874 


2748-0 


375 


2769*3 


376 


2790-5 


377 


2811*7 


378 


2832-8 


379 


2853-8 


380 


2874-8 


381 


2895-7 


882 


2916-6 


883 


2937-4 


884 


2958-2 


885 


2978-9 


886 


2999-6 


887 


3020-2 


888 


SOiO-7 


889 


8061-2 


890 


8081-6 


891 


8102-0 


892 


8122-4 


898 


8142-7 


894 


8162-9 


895 


8183*1 



Dlffcraioe^ 



24- 

24- 

24 

23- 

23 

23 

28 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

22 

22 

22 



1 


9 
8 
7 
7 
6 
5 
5 
4 
3 
2 
2 
1 
1 

9 
8 
8 



22*7 



22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

22 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21- 

20 

20- 

20- 

20- 

20- 

20- 

20*6 

20-5 

20*5 

20-4 

20*4 

20*4 

20*3 

20*2 

20*2 



'7 
'6 
5 
5 
4 
'3 
3 
2 
1 
1 


9 
9 
8 
7 
7 
6 
5 
5 
5 
3 
3 
3 
2 
2 
1 


9 
9 
8 
8 
7 
7 



HorJL 



895 

896 

897 

898 

899 

400 

401 

402 

403 

404 

405 

406 

407 

408 

409 

410 

411 

412 

413 

414 

415 

416 

417 

418 

419 

420 

421 

422 

423 

424 

425 

426 

427 

428 

429 

430 

431 

432 

433 

434 

435 

436 

437 

438 

439 

440 

441 

442 

443 

444 

445 

446 

447 

448 

449 

450 

451 

452 

453 

454 

455 

456 

457 

458 

459 

460 



8183*1 

8203*2 

8228*3 

8243*3 

8263-8 

8283*2 

8303*1 

3322*9 

8342*7 

8362-5 

8382*2 

8401*8 

8421*4 

8440*9 

3460*4 

3479-9 

8499*8 

8518*6 

8537*9 

8557-2 

8576-4 

8595-6 

8614-7 

8633*8 

8652*8 

8671-8 

8690*7 

8709-6 

8728-4 

3747-2 

8766-0 

3784-7 

8803*4 

3822*0 

3840*6 

3859*1 

3877*6 

3896*1 

8914*5 

3932*9 

3951-2 

8969*5 

8987*7 

4005*9 

4024-1 

4042*2 

4060*8 

4078*3 

4096*3 

4114*3 

4132*2 

4150*1 

4167-9 

4185-7 

4203-5 

4221*2 

4238-9 

4256 

4274 

4291 



DUfemoBL 



•5 

•1 

■7 

4309*2 

7 

1 

5 

9 



4326 
4344 
4361 
4378 
4896*2 



20-1 
201 
20-0 
20-0 
19*9 
19-9 
19-8 
19-8 
19-8 
19-7 
19-6 
19*6 
19*5 
19*5 
19-5 
19-4 
19-3 
19-3 
19*3 
19*2 
19*2 
19- 



1 
1 





5 
5 
•5 
4 
4 
3 



19 

19 

19 

18-9 

18*9 

18*8 

18*8 

18*8 

18*7 

18-7 

18*6 

18-6 

18' 

18 

18' 

18- 

18- 

18 

18-8 

18-2 

18-2 

18-2 

181 

181 

18-0 

180 

18*0 

17-9 

17-9 

17-8 

17-8 

17-8 

17 

17 

17-6 

17*6 

17-6 

17*5 

17-5 

17-4 

17-4 

17*4 

17-3 



7 
'7 



HorJL 



460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 

501 

502 

503 

504 

505 

506 

507 

508 

509 

510 

511 J 

512 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

528 

524 

525 



Uktim, 



4396-2 
4413-5 
4430*8 
4448-0 
4465*1 
4482*3 



4499 

4516 

4533 

4550 

4567 

4584 

4601 

4618 

4634 

4651 

4668 

4685*2 

4701*9 

4718 

4735 

4751 



4 
5 
5 
5 
5 
4 
3 
1 
9 
7 
5 



5 
1 

7 



4768*2 



*7 
-2 



•4 

■7 



•0 
1 



4784 

4801 

4817*6 

4834-0 

4850 

4866 

48830 

4899*3 

4915-5 

4931-7 

4947-9 

4964 

4980 

4996-2 

5012*2 

5028-2 

5044*2 

5060 

5076 

5092 

5107-8 

5123*6 

5139-4 

5155-2 

5170*9 

5186*6 

5202-3 

5217-9 

5233-5 

5249 1 

5264-6 

5280 1 

5295-6 

5311-0 

5326*4 

5341*8 

5857-2 

5872-5 

5387*8 



•1 




5403 
5418 
5433 
5448 



1 
3 
5 

7 



17*8 
17-8 
17*2 
17-1 
17-2 



1 
1 



9 



■7 
7 



17 

17 

17 

17 

17 

10 

16*9 

16-8 

16-8 

16-8 

16-8 

16 

16 

16-6 

16*6 

16*6 

16-5 

16-5 

16-5 

16*4 

16*4 

16-4 

16-3 

16-3 

16-8 

16-2 

16-2 

16-2 

16-1 

16-1 

16' 1 

16*0 

16*0 

16-0 

16*0 

15*9 

15-9 

15*8 

15*8 

15*8 

15*8 

15 

15 

15 

15-6 

15*6 

15*6 



7 
7 
7 



15 

15 

15 

15' 

15- 

15- 

15' 

15*8 

15*3 

15*8 

15*2 

15- 

15 



•5 
•5 
•5 

A 
-4 

*4 
4 



2 
2 
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Table h—omtiniued. 



Hcfth. 



MittM. 



525 
526 
627 
528 
529 
530 
531 
532 
638 
584 
535 
586 
587 
588 
589 
540 
541 
542 
548 
544 
545 
546 
547 
548 
549 
550 
551 
552 
653 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 



5448 

5463 

5479 

5494 

5509 

5524 

5589 

5554 

5569 

5584 

5599 

5618 

5628 

5643 

5658 

5678 

5687 

5702 

5717 

5781 

5746 

5761 

5775 

5790 

5804 

5819 

5833 

5848 

5862 

5876 

5891 

5905 

5919 

5934 

5948 

5962 

5976 

5991 

6005 

6019 

6033 

6047 

6061 

6075 

6089 

6103 

6117 

6131 

6145 

6159 

6173 

6187 

6200 

6214 

6228 

6242 

6255 

6269 

6288 

6296 

6310 

6324 

6337 

6851 

6364 

6378 

6391 

6405 

6418 

6432 



7 
9 

1 
2 
2 
2 
2 
1 
1 

8 
7 
5 
8 

8 
5 
2 
8 
4 

6 
2 
7 
2 
6 
1 
5 
9 
2 
6 
9 
2 
4 
6 
8 

1 
8 
4 
5 
6 
6 
6 
6 
6 
5 
4 
3 
1 

8 
6 
4 
1 
8 
5 
2 
8 
4 

6 
2 
7 
2 
7 
2 
6 



DUferenoe. 



15 
15 
15 
15 
15 
15 
15 
14 
15 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
IS 
13 
13 
13 
IS 
13 
13 
13 
13 
13 
13 
13 
18 
13 
18 
13 
13 
13 
13 
13 
13 
IS 
13 



2 
1 
1 
1 



9 

9 
8 
9 
8 
8 
7 
8 
7 
7 
6 
6 
6 
6 
6 
5 
5 
4 
5 
4 
4 
3 
4 
8 
8 
2 
2 
2 
2 
1 
2 
1 
1 
1 





9 
9 
8 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
6 
5 
5 
5 
5 
4 
4 



HorA. 



MMrei. 



594 
595 
596 
597 
598 
599 
600 
601 
602 
608 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 
634 
635 
636 
637 
638 
639 
640 
641 
642 
648 
644 
645 
646 
647 
648 
649 
650 
651 
652 
658 
654 
655 
656 
657 
658 
659 
660 
661 
662 
668 



6432 
6445 
6458 
6472 
6485 
6498 
6512 
6525 
6538 
6551 
6565 
6578 
6591 
6604 
6617 
6630 
6643 
6656 
6669 
6682 
6695 
6708 
6721 
6734 
6747 
6760 
6773 
6786 
6798 
6811 
6824 
6837 
6849 
6862 
6875 
6887 
6900 
6913 
6925 
6988 
6951 
6963 
6976 
6988 
7001 
7013 
7026 
7038 
7050 
7063 
7075 
7088 
7100 
7112 
7124 
7137 
7149 
7161 
7173 
7186 
7198 
7210 
7222 
7234 
7246 
7258 
7271 
7283 
7295 
7307 




4 
8 
2 
5 
8 

3 
6 
8 

2 
3 
4 
5 
6 
7 
7 
7 
7 
7 
7 
6 
5 
4 
3 
2 

8 
6 
4 
1 
8 
5 
2 
9 
6 
2 
8 
4 

5 
1 
6 
1 
5 

4 
8 
2 
6 

3 
6 
9 
2 
5 
7 
9 
1 
8 
5 
6 
7 
8 
9 

1 
1 



Diffcrenoe. 



3-4 
3-4 
3-4 
3'8 
3-3 
3*2 
3-3 
3-3 
3-2 
3-2 
3*2 
31 
31 
31 
31 
31 
30 
3-.0 
30 
30 
30 
2-9 
2-9 



2 
2 
2 
2 
2 
2 



9 
9 
9 
8 
8 
8 



2*8 
2-7 
2-7 
2-7 
2*7 
2-7 
2-7 
2-6 
2-6 
2-6 



2 
2' 
2 
2 



6 
5 
6 
5 



2-5 
2-4 



5 
4 
4 
4 
4 
4 
3 
8 
3 
8 
8 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 




Uorh. 



UhtitB. 



DUTcrenos. 



663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
688 
684 
685 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
781 
732 



7W7 
7319 
7331 
7343 
7355 
7367 
7378 
7390 
7402 
7414 
7426 
7438 
7450 
7461 
,7473 
7485 
7497 
7508 
7520 
7532 
7543 
7555 
7567 
7578 
7590 
7601 
7613 
7625 
7636 
7648 
7659 
7671 
7682 
7694 
7705 
7716 
7728 
7789 
7751 
7762 
7773 
7784 
7796 
7807 
7818 
7880 
7841 
7852 
7863 
7874 
7886 
7897 
7908 
7919 
7930 
7941 
7952 
7963 
7975 
7986 
7997 
8008 
8019 
8030 
8041 
8051 
8062 
8073 
8084 
8095 



1 
1 
1 
1 
1 

9 
8 
6 
5 
4 
2 

8 
6 
3 

7 
4 
1 
8 
5 
1 
7 
3 
9 
5 

5 

5 

5 

4 
8 
2 
6 

3 
6 
9 
2 
5 
8 
1 
3 
5 
7 
9 
1 
8 
4 
6 
7 
8 
9 
9 







9 
8 
7 
6 







9 
9 
9 
8 
9 
9 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
5 
5 
5 
5 
5 
5 
5 



3 
3 
8 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
2 
1 
1 
1 

1 






9 
9 
9 
9 
9 



H or^ MMfgi. 



IMffBnDo^ 



732 
733 
734 
735 
736 
737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
747 
748 
749 
750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
778 
774 
775 
776 
777 
778 
779 
780 
781 
782 
788 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 



8095- 5 

8106-4 

8117-8 

8128 1 

8138-9 

8149-7 

8160*5 

8171-3 

8182' 1 

8192-9 

8203' 6 

8214-8 

8225*0 

8235*7 

8246-4 

8257-1 

8267*7 

8278*4 

8289 

8299* 6 

8310-2 

8320-8 

8331-4 

8341*9 

8352*4 

8363 

8373-5 

8384 

8394-5 

8404-0 

8415*4 

8425* 8 

8436-8 

8446-7 

8457-1 

8467*5 

8477-9 

8488*2 

8498*6 

8508*9 

8519-2 

8529-5 

8639-8 

8550 1 

8560-4 

8570-6 

8580-9 

8591- 

8601 

8611 

8621 

8631*9 

8642*0 

8652 

8662 

8672 

8682-6 

8692-7 

8702*8 

8712*8 

8722- 9 

8732-9 

8748-0 

8753*0 

8763*0 

8773-0 

8783- 

8793-0 

8802*9 

8812*8 



1 
3 
5 

•7 



2 

3 

•6 



10 
10- 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10" 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10' 
10 
10 
9 
9< 



9 
9 
8 
8 
8 
8 
8 
8 
8 
7 
7 
7 
7 
7 
7 
6 
7 
6 
6 
6 
6 
6 
5 
5 
6 
5 
5 
5 
4 
5 
4 
5 
4 
4 
4 
4 
3 
4 
3 
8 
3 
3 
3 
3 
2 
8 
2 
2 
2 
2 
2 
1 
2 
1 
2 
1 
1 
1 

1 

1 





9 



B 



i 
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Table II.— ( 


Dorrnction: — 1« 


•2843(1 


•-TO. 








T-r. 


OofTBO* 

tkn. 


T-r. 


Oorreo- 

tSOQ. 


T-r. 


COTTN- 

Uon. 


T-T*. 


vOTTBO 

iioD. 


T-r. 


Oomo- 
Uoo. 


T — r. 


Gomo 
tkn. 


o 


• 


o 


m. 


o 


m. 


o 


m. 


o 


m. 


o 


m. 


00 


00 


4 2 


6*4 


8-2 


10*5 


12-2 


15-7 


16-2 


20-8 


20-2 


25-9 


0-2 


0-3 


4-4 


6-7 


8-4 


10-8 


12*4 


16-9 


16-4 


211 


20-4 


26-2 


0-4 


0-5 


4-6 


6-9 


8-6 


11 


12-6 


16-2 


16-6 


21-3 


20-6 


26-5 


0-6 


0-8 


4-8 


6-2 


8-8 


11-3 


12-8 


16-4 


16-8 


21-6 


20-8 


26-7 


0-8 


10 


60 


6-4 


9-0 


11-6 


13-0 


16*7 


17 


21-8 


21-0 


27-0 


10 


1-3 


6*2 


6-7 


9-2 


11*8 


13-2 


17-0 


17-2 


22*1 


21-2 


27-2 


12 


1-5 


6*4 


6*9 


9-4 


12-1 


13-4 


17-2 


17-4 


22-3 


21-4 


27-5 


1-4 


1-8 


6-6 


7-2 


9-6 


12-3 


13*6 


17-5 


17-6 


22-6 


21*6 


27-7 


1-6 


21 


6-8 


7-4 


9-8 


12-6 


13-8 


17-7 


17-8 


22-9 


21-8 


28-0 


1-8 


2-3 


60 


7-7 


10-0 


12-8 


14-0 


180 


18-0 


23-1 


22 


28*3 


20 


2-6 


6*2 


8-0 


10-2 


13'1 


14-2 


18-2 


18-2 


23-4 


22-2 


28-5 


2-2 


2*8 


6-4 


8-2 


10-4 


13-4 


14*4 


18-6 


18-4 


23-6 


22-4 


28*8 


2-4 


81 


6-6 


8-5 


10-6 


13*6 


14-6 


18-8 


18-6 


23-9 


22-6 


29-0 


2*6 


3*3 


6-8 


8-7 


10-8 


13-9 


14-8 


190 


18-8 


24-1 


22-8 


29'3 


2-8 


S'6 


7-0 


90 


11-0 


141 


15-0 


19-3 


19-0 


24-4 


23-0 


29-5 


30 


3*9 


7-2 


9-2 


11-2 


14*4 


16-2 


19-6 


19-2 


24-7 


23*2 


29-8 


8-2 


41 


7-4 


9-5 


11-4 


14-6 


16-4 


19-8 


19-4 


24-9 


23-4 


30-1 


3-4 


4-4 


7-6 


9-8 


11-6 


U-9 


16-6 


20-0 


19-6 


25-2 


23*6 


30-3 


8*6 


4-6 


7-8 


10-0 


11-8 


16*2 


16-8 


20-3 


19-8 


25-4 


23-8 


30-6 


8-8 


4-9 


8-0 


10 '3 


12-0 


16*4 


16*0 


20-6 


20*0 


25-7 


24 


30*8 


4*0 


61 
















1 







The OQzxeotioa is oobtzaoked when T — T' Is podtive. and added when T — T" is negatiye. 

Tabli HL 
Goneotion; A | -00266 000. 2 L + } ; always to be added. 



Height 










I^ATITUDB 


L. 










iDAtlng 
























to A. 


(fi 


so 


«o 


•0 


12° 


15P 


18© 


ai« 


240 


2-0 


30© 


BL 


m. 


m. 


BL 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


100 


0-5 


0-5 


0-5 


0-5 


0-5 


0-5 


0-5 


0-4 


0-4 


0-4 


0-4 


200 


10 


1-0 


1*0 


10 


1-0 


1-0 


0-9 


0'9 


0-9 


0-8 


0-8 


800 


1-G 


1-6 


1-6 


1-5 


1-5 


1-5 


1-4 


1-4 


1-3 


1-2 


1-2 


400 


2-1 


2-1 


21 


20 


2-0 


1-9 


1-9 


1-8 


1-7 


1-7 


1-6 


600 


2-6 


2-6 


2-6 


2-5 


2-5 


2-4 


2-4 


2*3 


2-2 


21 


2-0 


600 


3-2 


81 


3-1 


3-1 


3-0 


2-9 


2-8 


2-7 


2-6 


2-5 


2-4 


700 


8-7 


3-7 


8-6 


3-6 


3-6 


8-4 


3-3 


3-2 


31 


2-9 


2-7 


800 


4-2 


4-2 


4-2 


4-1 


4-0 


3-9 


3-8 


3*7 


3-6 


8-3 


3*2 


900 


4-8 


4-8 


4-7 


4-6 


4-6 


4-6 


4-3 


4-1 


4-0 


3-8 


3-6 


1000 


6-3 


6-3 


6-3 


5-2 


61 


6-0 


4-8 


4-6 


4-4 


4-2 


40 


1100 


6-9 


6-8 


6-8 


6-7 


6-6 


5-5 


6-3 


5-1 


4-9 


4-7 


4-4 


1200 


6-4 


6-4 


6*3 


6-2 


6-1 


6-0 


6-8 


6-6 


6-4 


61 


4-8 


1300 


7-0 


6-9 


6-9 


6*8 


6-7 


6-5 


6-3 


6-1 


5-8 


6-5 


6-2 


1400 


7-6 


7-5 


7-4 


7-3 


7-2 


7-0 


6-8 


6-6 


6-3 


60 


5-7 


1600 


81 


81 


80 


7-9 


7-7 


7-6 


7-3 


7-1 


6-8 


6-4 


61 


1600 


8-6 


8-6 


8-6 


8-4 


8-3 


8-1 


7-8 


7-6 


7-2 


6-9 


6-5 


1700 


9-2 


9-2 


91 


9-0 


8-8 


8-6 


8*4 


8-1 


7-7 


7-4 


7-0 


1800 


9-8 


9*8 


9-7 


9-5 


9-3 


91 


8-9 


8-6 


8-2 


7-8 


7-4 


1900 


10-4 


103 


10-2 


10-1 


9-9 


9-7 


9*4 


9-1 


8-7 


8-3 


7-8 


2000 


10-9 


10-9 


10-8 


10-7 


10-5 


10-2 


9-9 


9-6 


9-2 


8-7 


8-3 


2100 


11-5 


11-5 


11-4 


11-2 


11-0 


10*8 


10-4 


10*1 


9-7 


9-2 


8-8 


2200 


12*1 


121 


120 


11-8 


11-6 


11-3 


11-0 


10*6 


10-2 


9-7 


9-2 


2300 


12-7 


12-6 


12-5 


12-4 


121 


11-8 


11-6 


11*1 


10-7 


10-2 


9-6 


2400 


13-3 


13 2 


131 


130 


12-7 


12-4 


12-1 


11-6 


11-2 


10-6 


10-1 


2600 


13*9 


13-8 


13-7 


13-5 


13-3 


13-0 


12-6 


12-2 


11-7 


11-1 


10-5 


2600 


14-5 


14 4 


14-3 


141 


13-9 


13-6 


131 


12-7 


12-2 


11-6 


11-0 


2700 


161 


15 


14-9 


14-7 


14-4 


14-1 


13-7 


13-2 


12-7 


12*2 


11-5 


2800 


16-7 


15*6 


15-5 


15-8 


15-0 


14-7 


14-2 


13-8 


13-2 


12-6 


12-0 


2900 


16-3 


16-2 


16-1 


15-9 


15-6 


16-2 


14-8 


14-3 


13-7 


13*0 


12-3 


8000 


16-9 


16-8 


16-7 


16-5 


16-2 


16-8 


16*3 


14-8 


14-2 


13*6 


12-9 


8600 


20 


19-9 


19*8 


19*5 


19*2 


18-7 


18*2 


17-6 


16-9 


161 


15-3 


4000 


231 


231 


22-9 


22-6 


22-2 


21:7 


21-1 


20-4 


19-6 


18-7 


17-8 


6000 


29-7 


29-6 


29-4 


29-0 


28*5 


27-9 


27-2 


26-3 


26-3 


24-2 


23-1 


6000 


86-6 


86*5 


86-2 


36*8 


85-2 


34-4 


33-5 


82' 5 


31-3 


30-0 


28-6 


7000 


43-8 


43-7 


48-4 


42-9 


42-2 


41-3 


40-2 


390 


37-6 


36-1 


84*5 
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Tablb m. — ooiUinued, 



Height 










Ul' 




L. 










Approxi- 


i'lTUDE 




mating 










• 














to A. 


saP 


3tP 


300 


4lO 


4SP 


48© 


aio 


B40 


J7« 


UP 


93P 


m. 


m. 


* m. 


in. 


m. 


m. 


n. 


« 

m. 


m. 


m. 


m. 


m. 


100 


0-4 


0-8 


0-3 


0-3 


0-2 


0-2 


0-2 


0*2 


01 


01 


01 


200 


0-7 


0-7 


0-6 


0*6 


0-5 


0-5 


0-4 


0*3 


0-3 


0-2 


0-2 


800 


11 


1-0 


0-9 


0*9 


0-8 


0*7 


0-6 


0*5 


0-4 


0-4 


0*8 


400 


1-5 


1-4 


1-3 


1*1 


10 


0-9 


0-8 


0-7 


0-6 


0-5 


0*4 


500 


1-8 


1-7 


1-6 


1-4 


1*3 


1*2 


1-0 


0*9 


0-8 


0-6 


0-5 


600 


2*2 


21 


1-9 


1*7 


1-6 


1-4 


1-2 


1*1 


0-9 


0-8 


0-6 


700 


2-6 


2-4 


2-2 


2*0 


1*8 


1*6 


1-4 


1*3 


1*1 


0-9 


0*7 


800 


80 


2-8 


2-5 


2*3 


21 


1-9 


1*7 


1-4 


1*2 


10 


0-9 


900 


8-4 


81 


2-9 


2*7 


2*4 


21 


1-9 


1*6 


1*4 


1-2 


10 


1000 


8-7 


8-5 


8-2 


2-9 


2*7 


2-4 


21 


1*8 


1-6 


1-3 


1-1 


1100 


41 


8-8 


8-5 


3-2 


2 9 


2-6 


2*8 


20 


1*8 


1-5 


1*2 


1200 


4-5 


4-2 


8*9 


3-6 


8-2 


2*9 


2*6 


2-2 


1*9 


1-6 


1-4 


1800 


4-9 


4-6 


4*2 


3*9 


8*5 


8-2 


2*8 


2-5 


21 


1-8 


1-5 


1400 


5-3 


5-0 


4*6 


4*2 


8-8 


3-4 


30 


2-7 


2-3 


1-9 


1*6 


1500 


5-7 


5-8 


4*9 


4*5 


4-1 


8*7 


8-3 


2-9 


2-5 


2-1 


1-8 


1600 


6-1 


5-7 


5-3 


4-9 


4-4 


40 


8*5 


81 


2-7 


2-3 


1'9 


1700 


6-5 


61 


5*6 


5*2 


4-7 


4-2 


8-8 


8*3 


2-9 


2-5 


2-1 


1800 


7-0 


6-5 


60 


5-5 


5*0 


4*5 


4-0 


8*5 


81 


2*6 


2-2 


1900 


7-4 


6-9 


6*4 


5*8 


5*8 


4-8 


4-3 


8*8 


8-3 


2-8 


2-4 


2000 


7-8 


7-3 


6-7 


6*2 


5-6 


5*1 


4-5 


40 


8-5 


80 


2-5 


2100 


8-2 


7-7 


7*1 


6-5 


5*9 


5-4 


4*8 


4*2 


8-7 


8-2 


2-7 


2200 


8-6 


8-1 


7*5 


6-9 


6-3 


5*7 


5*0 


4*5 


3-9 


8-3 


2-8 


2300 


9-1 


8-5 


7-8 


7-2 


6*6 


5-9 


5*3 


4*7 


4-1 


8-5 


80 


2400 


9-5 


8-9 


8*2 


7*6 


6*9 


6-3 


5*7 


51 


4-3 


8*7 


8-2 


2500 


9-9 


9-2 


8*6 


7-9 


7-2 


6*5 


5-9 


5-2 


4 5 


8-9 


8-3 


2600 


10-4 


9-7 


9-0 


8*3 


7-6 


6-8 


61 


5-4 


4-8 


4-1 


3-5 


2700 


10-8 


10-1 


9*4 


8*6 


7-9 


7-1 


6-4 


5 7 


5-0 


4-8 


8 7 


2800 


11*8 


10-5 


9-8 


9*0 


8*2 


7-5 


6-7 


5-9 


5-2 


4-5 


8-9 


2900 


11-7 


11-0 


10-2 


9*4 


8-6 


7*8 


70 


6 2 


5*5 


4-7 


41 


3000 


12*2 


11-4 


10-6 


9-8 


8-9 


81 


7-3 


6-5 


5-7 


4-9 


4-2 


3500 


14-4 


13-5 


12*6 


11*6 


10-7 


9 7 


8*8 


7-8 


6-9 


6*0 


5-2 


4000 


16-8 


15-8 


14*7 


13*6 


12-5 


11-4 


10*8 


9-2 


8-2 


7*2 


6*8 


5000 


21-8 


20-5 


19-2 


17 '"S 


16*4 


150 


13-7 


12*8 


11*0 


9-8 


8-7 


6000 


27-1 


25-6 


24*0 


22*3 


20*7 


190 


17*4' 


15-8 


14*2 


12-7 


11-8 


7000 


82*8 


80-9 


29*1 


27*1 


25*2 


23-3 


21*4 


19*5 


17*7 


15-9 


14-3 



Tabli IV. — ^Dimination of weight in the Tertical due to the heights of the lower Btatioo. 

(760 \ 
'00576 log. -==- j ; always to he added. 



Height 
•pprazl- 






BnoBT or 


Bamirrb at Lown BrAnoir. 






nating 






















to A. 


460 


490 


690 


660 


600 


010 


040 


OTO 


TOO 


T90 


m. 


m. 


m. 


m. 


IB. 


in. 


1 

m. 


ID. 


m. 


m. 


ID. 


100 


0-1 


0-1 


0*1 


01 


01 


0-1 


00 





-0 


0*0 





•0 


200 


0-3 


0*2 


0*2 


0*2 


0*1 


0*1 


0-1 





•1 


00 








800 


0*4 


0-3 


0-8 


0*2 


0*2 


0-2 


0-1 





1 


0-1 








400 


0-5 


0*4 


0*4 


0*3 


0*3 


0*2 


0-2 





-1 


01 








500 


0*6 


0*5 


0*5 


0*4 


0*3 


0*3 


0*2 





•2 


0-1 







600 


0-8 


0-7 


0-6 


0*5 


0-4 


0*3 


0*3 





2 


01 


0" 




700 


0*9 


0*8 


0*7 


0*6 


0-5 


0-4 


0-3 





•2 


01 







800 


1-0 


0-9 


0*8 


0*6 


0*5 


0-4 


0-3 





8 


0-2 







900 


11 


10 


0*9 


0-7 


0*6 


0-5 


0-4 





3 


0-2 







1000 


1-3 


11 


0-9 


0*8 


0*7 


0-6 


0*4 





8 


2 







1200 


1-5 


18 


1-1 


10 


0*8 


0-7 


0*5 





•4 


0-2 


4) 




1400 


1-8 


1*5 


1*8 


11 


0*9 


0-8 


0-6 





■4 


8 







1600 


2-0 


1-8 


1-5 


1-3 


1*1 


0-9 


0*7 





5 


0-8 





2 


1800 


2-8 


20 


1*7 


1-5 


1-2 


1-0 


0-8 





•6 


4 





2 


2000 


2*5 


2*2 


1-9 


1-6 


1*4 


11 


0-9 





•6 


4 





2 


2200 


2*8 


2-4 


2-1 


1-8 


1*5 


1-2 


0-9 





•7 


0-5 





-2 


2400 


80 


2-6 


2-8 


1-9 


1-6 


1-3 


10 





8 


5 





a 


2600 


8*3 


2-9 


2-5 


21 


1*8 


1-4 


1*1 





8 


05 





8 


2800 


3-5 


8-1 


2-7 


2-8 


1-9 


1-5 


1-2 





9 


0-6 





8 


8000 


8*8 


8-3 


2-8 


2-4 


2-0 


1-6 


1-3 





•9 


6 





3 


4000 


5-0 


4-4 


8-8 


3-2 


2-7 


2 2 


1-7 


1 


•8 


0*8 





4 


5000 


• • 


5*5 


4-7 


40 


8*4 


2-8 


21 


1 


6 


10 





5 


6000 


• • 


• • 


• • 


4-9 


4-1 


8-8 


2-6 


1 


•9 


1-2 





6 


7000 


• t 


• • 


• • 


ft • 


• • 


• ■ 


8*0 


2 


•2 


1-4 





7 


8000 


• • 


ft ft 


■• 


ft « 


•• 


•• 


• • 


« 


t 


1*6 


0*8 



ii2 



244 BAERACES. 

BABRAGKS. Fb^ CueriMt; Geb., Ckaeme; Ital., (kueme; Span^ Caaemas, 

Barrack.—The word barrack Ib probably derived from the Saxon Pamic, an endoenre, or finom 
the Spanifih Barraccasy email huts for fishermen, and is the general term employed in this country 
for a Doilduig or collection of buildings of a permanent nature used for the residence of troops ; 
while buildings of a less permanent kind, such as at Aldershot or the Ourragh, we generally call 
camps. On the Continent, DoweTer, the term equivalent in sound to our barracks appears limited 
to huts or field-huts, while the more permanent buildings are called casernes, or oaserme, derived, 
no doubt, from the Spanish or Italian. Casa^ a house. The Germans generally have adopted the 
French term. 

In the medieval ages, and before standing armies formed a part of the institution of the 
country, soldiers were generally lodged in the different feudal or roval fortresses, which occupied 
the principal strong positions, both for offence and defence, throughout the kin£;dom ; but after 
the Revolution, and more particularly in Ireland, where it was necessary to keep up a very 
numerous force, we begin to find large sums expended in the construction of buildings for the 
purposes of our modem barracks. In the reign of the first (George, the Royal Barracks, Dublin, 
were thus erected, affording acconunodation at that period for perhaps 5000 men, on an area of 
about 14 acres, although, owing to the enlarged cubicsl space now allotted to each soldier, they will 
accommodate no more than 18^. Few, therefore, if any of our barracks present any arch»ologic«l 
interest extending further back than the middle or latter end of the last century, if we except the 
generally incongruous alterations effected in some of our old fortresses to accommodate our soldiers, 
such as those in Edinburgh and Stirling Gastles, the Tower, Dover Castle, Yarmouth, &c., ftc. 
The officers' (j[uarters at Dover Castle are a creditable adaptation of the architecture of the 
existing buildmgs. A very good idea of what military lodgmg in the middle ages was, may be 
obtain^ by inspecting the lower stories of Boslin Caystle, the keep at Kewoastle, and other 
Mouterraines of castles of that period. 

With the exception of a few on a lane scale, built during the last oenturv, or in the early part 
of the present one — such as those of Dublin, Cork, and Fermoy, in Ireland : the cavalry barracks of 
Piershiil, near Edinburgh ; those of York and Canterbury — ^the greater part of our barracks were 
composed of mere makeshifts, many of them in the heart of laige towns, cribbed and confined in 
space, overcrowded, and quite devoid of any sanitary arrangements, drainage, or even a proper 
supply of water. 

It was not until the General Report of the Commission appointed for improving the Sanitary 
Condition of Barracks and Hospitals appeared in 1861, that any idea could be formed of the 
real state of the existing dwellings of the British army iu the United Kingdom, extending in 
number to 243 distinct barracks, and 167 hospitals. Kanv of them are described as being built 
in denselv-peopled neighbourhoods, and closely surrounded by dwellings of the civil populatioiL 
often of the very lowest classes. Some of the Metropolitan bfuracks, such as St. George's, behind 
the National Gallery, and Portman Barracks, are especially notorious in this respect, and also 
many of those in Portsmouth ; Knightdbridge Barrack is also specially condemned. In numerous 
cases, existing barracks consist of blocks of private buildings, or oidinary dwelling-houses, often 
in low neighbourhoods, in which, owing to political or other causes, it was at some period deemed 
desirable to station troopa, such as tne Ship Street and Linen Hall Barracks in Dublin, the 
barracks in Cashel, Galway, and many other towns in Ireland, and in the manufacturing districts 
in England and Scotland. In such cases, no sanitary improvements short of entire demolition and 
reconstruction can ever afford accommodation adequate to what modem hygiene would require. 
Even in more recent times, when money has not been spared, and it would be naturally supposed 
the faults of older buildings would be avoided, our barrack architects or engineers have not been 
more successful — ^witness, the Guards' Barracks in St. James's Park, the new barracks in the Tower 
and in Edinburgh Castle, the Cavalry Barracks, Hounslow, and many others we could mention. 
As the unit of SOO cub. ft. sp*^ ^ ^^^^ ^ ^^^ generally adopted as the minimum for barrack 
accommodation, it will be sufficient to state, that when the late Commission inspected the bar- 
racks of the IJnited Kingdom, they found under the existing regulations provision made for 
75,800 men, giving each a cubic space varying from 290ft. to 550 ft. a man; while at the rate 
of 600 ft. a man, only 58,800 could be accommodated, showing a deficiency of barrack room for 
22,000 men. In the Chatham district alone, 100 men were accommodated in the space sufficient 
only for 57. 

The Barrack Commissioners, however, do not involve all existing barracks under a sentence of 
condemnation. Some of the block arrangements of the Irish barracks, especially those of Parsons^ 
town, Templemore, Naas, Dundalk, Island Bridge, and Beggars' Bush Arracks, near Dublin, ass 
commended, as well as the more modem barracks at Bury and Ashton, in Lancashire, and York 
Cavalry Barracks. 

The recommendation of the Commission generally as to drainage, warming, water-supply, 
ablution, and other sanitary arrangements, have been gradually carried out wherever possible 
during the last seven or eight years, although, from economical motives connected with the War 
Department administnttion, much remains yet to be done. 

The most recently built and improved liarrack in London is that of Chelsea, near the Royal 
Hospital, constracted for a battalion of the Guards, from the designs of G. Morgan, who 
obtained the appointment of architect by public competition in 1858-9. It possesses all the 
requited necessaries and accessories for modem military dwellings, including gymnasium, married 
soldiers' barracks, chapel, provost, stores, hospital, and so on, and cost on the whole a sum of 
296,000A, or about 245/. a head, including all rwoks; but which sum included the purchase of 
a verv expensive site. 

The subjoined sketch, Fig. 554, shows two units of barrack-rooms, complete, with the passage 
between them, or one floor of a barrack-house, in the new Chelsea Barracks. Each house, as it con- 
sisted of two or three floors, would contain four or six units, to accommodate twenty men each. 
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Cfhalsea Bannoks oonaUt eimply of a number of vadia sttoh as those sho^m in Fig. 554, extending 
Ui a straight line of about 1000 ft. in length, with a detached building for the staff-offlcors at one 
end, and for the staff-sergeants at the other. In the rear are plaoed the miaceUaneous buildingB. 
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The synopsis, given page 247, shows the different buildings deemed necessary for the aooom- 
modation of a battalion of infetntry 1200 strong. 

Mamed Soldiera' Quarters. — During the last few years, quarters for married soldiers. Fig. 555, 
affording one room of about 220 superficial area to each married soldier, or about 6 per cent, on 
the regimental strength, nave been built 
at the principal barrooks in (he United 
Kingdom, with all necessary out-offices, 
washing and ablution rooms, at a cost of 
about 180/. each man. 

Constructiw Elements of Bealthy Bar^ 
rack^roonu^ — The elements of healthy bar- 
ndc-room oonstmotton are : — 

1. Accommodation for 20 to 80 beds 

in each room, at 600 cub. ft. 
per head. 

2. Height of room, 11 to 12 ft. 
a Breadth of room, 19 to 20 ft. 
4. Windows equal to one-half the 
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Ground-plan of Married Soldier^ Quarten. 




number of beds, arranged on opposite sides of the room. 

5. Ko more than two rows of beds in each room; and 5 ft in breadth, at least, aUowed for 

each bed. 

6. No barrack-room to oontain a sergeant's bunk. 

Each barrack-room should have a sergeant's room opening firom the landing or passage ; and 
connected with the barrack-room, and opposite the entrance, there should be a well-lighted and 
rentilated lavatory, with fixed ablution-basins, and proper water-service laid on. One oasin will 
be sufficient for every ten men. In the same room snomd be plaoed a night-urinal. 

The barrack-room unit would then oonsist of (1) barrack-room, (2) sergeant's room, (3) ablution- 
foom, (4) night-urinal ; and a barrack would oonsist of a number of these units arranged as the 
available space may allow. 

Lighting. — Home barracks are now generally lighted with gas, except in very romote situations. 
Ko gas, at the puUio expense, is allowed for officers' quarters, except for the mess establishment 
and passages. Gas-lights, when properly arranged^ anord great facilities for the improvement of 
ihe ventilation of soldiers' rooms. 

Articlea of RemUaticn-pattem^ ^. — ^To ensure uniformity as weU as economy, articles of rogula- 
tion-pattem, such as iron shelving, skirting, latrines, and ablution apparatus, ash bins, unks, 
oookiDg apparatus of every kind, wash«house fitments, urinals, and so on, aro now used generally 
both in coDstruotioo and repair of all bairacks in the United Kingdom, as well as those in the 
Colonies when ciroumstanoes wiD admit. Bules aro alao laid down for the thickness of floors 
description of doors, gates. Ac, to be used generally. The external painting of banaoks is 
performed every four, and toe internal every seven years. 

Although the majority of our bamcks have been oonstmcted without any rogard to their 
defence in case of attack by a mob or insurreotioDary body, yet, within the last few years, it is laid 
down as a general rule that they should be suffldently fortified, by loop-holed flanking defences 
or otherwise, to resist a coup de mam at least Many of the Irish barracks are so constructed, and 
those at Ashton and Burv, in Lancashire, have flanking defences at the angles. On the other 
hand, we And many barracks sooommanded by suxioandiDg buildings, as to be hopelessly untenable 
in case of a resolute attack. 

In addition to the buildings themselves, the War Department provides the necessary articles of 
furniture, bedding, and cooking utensils for all soldiers' and non-commissioned offloeni' quarters. 
For officers' quarters, large fixtures only, such as presses, kitchen tables and dressers, racks and 
pins, curtain-comioes, and so on, are provided at the public expense. All wilful damage committed 
py the occupants must be made good by them without oost to ihe public. 

Maintenance, — Both the designing and repairs of all barracks are now carried on under the 
supervision of the Director of Worn, who haa under him the officers of the oorps of Royal 
Engineers and the Civil Branch of Boyal Engineers' Department. Formerly there was a Board 
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of Commifldofnera for Bamoks, but their office was abolished by the late Duke of Wellington in 
1818, when Master-Qeneral of the Ordnance, and their duties transferred to the corps of Royal 
Engineers. An officer named barrack-master is placed in local supervision and charge of all our 
principal barracks. 

The total sum voted for the construction and repairs of barrack buildings 

in the United Kingdom, for the year ending 81st Maich, 1869, was .. £319,229 
For those in the Colonies 142,905 

Total £462,184 

Faulty Construction, — ^The principal faults in the oonstmetion of existing barracks are those of 
site, defective drainage, and ventilation ; the crowding of the blocks of buildings too dose on each 
other, or piling floors too high; back-to-back barrack-rooms with windows only on one side, as in 
the Wellington Barracks and Edinburgh Castle, are especially condemned ; also long, narrow, dark 
corridors, as in Hounslow Barracks ; defective water-supply and the use of wells generally ; and 
placing the soldiers' rooms over the stables, as is the case in too many modem cavalry barracks. 

Approved Construction, — The approved construction of a barrack may be comprised in a few words. 
It should be as simple, yet as durable as possible ; the wfdls built hollow, to preserve the rooms f itun 
damp, and the spaces under the floors properly ventilated ; the floors and stair-cases to be fire- 
proof the former constructed of wrongb&iron joists, bedded in concrete, and the latter on as easy 
inclines as possible. Provision should be made for collecting the rain-water falling on roofs, 
which is always valuable for washing and cooldng puiposes. The site should have sufficient 
elevation to afford easy drainage, and every care should be taken to make all parades and exer- 
cising-grounds as solid and dry as possible. Fresh air, warmed by proper stoves, should be intro- 
duced into each room, so as to keep the temperature as near as possible steady to 60P Fahr. ; while 
up-cast shafts, to remove aU foul air, should be formed from each room at opposite comers. The 
latrines, urinals, ablution-rooms, and baths, should be plentifully supplied with water laid on with 
a proper head of pressure, either by direct service or from tanks or cisterns placed at a proper 
height. The introduction of wrought and cast iron in joists, sashes, &o., recommended wherever 
possible, as the wear and tear of material in barracks is enormous. The floors should be of wood, 
but those of ablution and bath rooms of asphalte ; and of cook-houses, &c., flagging or tilos of a 
durable nature. 

BlOIMENTiJi HoSFITiJi ESTABLIBHIIENT. 

[^Part of the tabulated arrangement, page 247.] 

7 per cent, to be provided on barrack accommodation. 
1200 ft of cubic space a bed, and 80 to 100 sq. ft. a bed. 

Oround Floor, 
Feet 



Wards :— No. 2 large 1020 x 26 x 14 
„ small 20 X 18 

Waiting-room 18 x 11 

Day'-room .. 18x15 



OrderliefiT room 26.9x18 

Lavatory 8x5 

Water-closet and urinal. 



Feet 

No. 2 nurses' rooms 11 x 9.4 

Surgery 18 x 11 

Scullery 11 x 9 

Water-closet^ sinks, &o. 

First Floor. 

Clean-linen store 20x13 

Bedding-store 15 x 10 

Pack-store .. 18 x 11 



Kitchen Building, 

Quarters for hospital-sergeant and steward, one room each 20 x 13 

Kitchen 15x14 

Scullery and beer-cellar ) ( Size 

I according to 

" •• " " •' • j available 

I space. 
Yard, 



Cook's room 

Boom for medical comfbrtp 

liarder 



Feet 



Foul-bedding store.. •• 10 x 8 

Coal and wood stores 10 x 8 

Wash-house and-laundry, each 14 x 16 



TWt 

Dead-house 12 x 12 

No. 4 latrines. 
M urinals. 



Cavalry Barracks, — ^The general arrangements, and cubical space, for the offleers and men, mess 
establishment, &c., of a banack for a regiment oi cavalry, do not differ much firom the accommo- 
dation provided for an equal number of infantry. The open areas for paiades, exercising-groonds^ 
and the like, however, require to be larger. 

In modem cavalry barracks several important sanitary improvements have been recently 
made. In many of the older existing barracks, including Knightsbridge, Regent's Park, Hounslow, 
Hampton Court, Brighton, York Old Barracks, Hulme, Preston, Sheffield, Canterbury, Piershill 
near Edinburgh, Dublin Royal Barraeks, Island Bridge, and several others, the men's rooms are 
situated over the stables, an arrangement which possesses some conveniences, but which is strongly 
condemned in the Report of the Barrack Commiasion of 1861. We may mention among cavalry 
barracks in which this objectionable arrangement does not exist, those of Dundalk, see Fig. 556, 
which is one of the best of all our cavalry barraeks ; Newbridge, near the Curragh Camp ; Oahir ; 
the New York Barraeka; Maidstone, ana other places. 
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Btnopsis of ▲ Babbaok to oontain a Battalion or Ikfamtbt 1200 Stbono, ob 12 Gompamixs. 



1 Llentr«oloneL 
SM^ora. 

13 GapUlMk 

14 LieuteoAnts 
10 Riaigna. 



1 Pujmaater. 

1 Af^ntant 

IQnkftennaaCei. 

ISurgeoa 

1 Awlitfant-BiggeotL 



T Staff-aeigeantB, Claas A. 
16 •• tt ft B. 
83 UATrted Seivaanta. 
18 Single 
34Dninimen. 



I f 



ftOOoiponda. 
T6 Married Soldien. 
874 Privates. 

I Ganteen Sergeant 

1 Librarian. 



1 Mess man. 

1 Mesa-waiter. 

lOoolL 

3 Com. Qflloenr Servanla. 

StabU^ for 8 hoi 



AOOOMMODATION. 



a) 

Commanding Offlcera 
Qoartera. 


(2) 
Field OfficenT QoartoB. 


(8) 
OAoen* QnaxteriL 


(U) 
Beglnwntal Stores. 


Feet 
3 Sltting-rooma . . 80 x 18 
8 Bed-rooma . . . . 30 x 18 
a ServanU' rooms. . 16 X 16 
Kitchen, acallery, larder, 

water-cloaeta, and other 

oa^<Aoea. 


Feet 
iSittfaig-room .. .. 18X16 

1 Bed-room 18X16 

1 Servant's room .. .. 16X16 
Water^doeet, imaU yard^ and oou 
botua. 


feet 
1 Room each .. .. 18X16 
Servant'a room, fiv 3) ,. ^ ,« 

officers J18X16 

Wat«r^;Loaet% 1 for 4 offlcers. 

Sink. 

Yard. 

Oat-hoiM. 

LatrinOk 1 ftrlO servants. 


Feet 
Bread-atore .. .. 18X16 

Meat-etore 18X16 

Cfcthing-atore .. .. 96X16 
Expense magaxhM. 
Shihing-room. 
Yaid. 


(4) 
ICea BiUbliahmenf 


(6) 
Mesa4naa's QoartevSk 


(8) 
Non-com. Offlcers' Qoarters. 


(7) 
Sergeantir Meas Establishment 


Fret 
Mesa-room .. 48X36X16 
Ante-room .. .. 80X36 
Na S water-doseta. 
Urlnab and lavatory. 
Mcaa-waiisr'a room 18 x 14 
.. 18X13 
natrj, waah-iip room. 
Plate-doset 

Wine-cellar and ■Dallsr offloei 
alxear. 


Feet 
a Livlng-rooma . . . . 18 x 16 

Store 10X12 

fieer-oellar 18X16 

Meas-kitcbtn 86X30 

Scolleiy 18X18 

Urder 18X6 

Goal-store^ 
Water-closet 
Latrine Ibr acrvanta. 
UdnaL 


Feet 

8ndclaesdltt(\ iroom 16X14 
Waterdoeet 1 on each floor, 
Sfaiks 

Ablntion-room for men 10X10 
,, ., women 10X10 
liBbinaa and tutoala 


Feet 
Meea-rooni.. .. 40X30X13 

Store 13X10 

Kitchen 80X30 

Scullery 16X13 

Larder ift x ».• 

Beer«eUar. 

Goal-cdlar. 

Cook'a llvinf-nom .. 30X16 

Yard. 

Latrinei^ No. 8. 

Urinals, No. 3. 

Shed lOX i 


(8) 
Married Soldier** Qoaitera. 


(9) 
Boldlenr Bairacks. 


(10) 
Orderly, Gaard Room^ ftc 


Meana of Becreatlon and Exerdaa, 


Feet 

1 Rnran each 16 X U 

Water-closet and abik, 

1 to each floor. 
Men's ablntloo-roon. 
Women's 
4 Men's latrfnesi 
4 Women's latrinea. 
6 Children's , , 
Urtnatai 
TanL 
Wash-hooae .. .. 46X30 

Laondiy 34X30 

Bath-room . . . . 90 x 6 
Drjing-cronnd aocotding to 

AvaUahlB spaosk 


Feet 
Non-oom. oflBcenT mesi^) .^ ^ ,. 

Iroom J14X14 

SokUerfroomaiNa) 

38. fbc 34 menVYOXSOXia 

each I 

AUntion-rooma. Na 38 14 X 10 
Night-nrinalsi Na 3a 
Gbok-hoasec No. 8 40X80X14 
Latrinen Na 48 oompart' 

mcnta. 
Qrinaliv Na 48. 
Bath-houaik Notf oom.>.k«^. « 

Bath-honse. aoldtevr ..87.6 X IT 
Attendant's room .. ITX 6 
Sbedfortoola .. .. 30X10 


Feet 
Orderiy-room .. .. 18X13 
Clerk'aroom .. .. 34X18 
l^iymaater's oOoa . . 18 x 14 
Gaard*hoQee .. .. 31X18 
Guard-room oellt No. ft 10 X 8 
Prisoners* room . . 84 X IS 
Ni^t^ortnal. 
AblntSon-room. 
No. 3 lotrinca. 
Na 8 urinals. 

Armourer's shop . . 13 X IS 
Armourer's store . . 13X13 
Shoemaker's shop .. 80X18 
Tailor'a shop . . . . 84 x 18 
Maatartailof .. .. 18X16 


Feet 
Oame^room .. 66X30X16 
Reading-room .. .. 60X30 

library Uxil.T 

OolTee-room .. .. 16X13.6 

Lavatories 16 X 6 

Librarian's room . . 14 x 11 .T 
3 Bed-rooma .. .. 14X11.T 
Latilne, 3 compartmenta. 
Na 8 urinalSL 

No. 8 flvea' conrta . . 66 X 30 
Gricket-ground. 
Skittle-ground. 

OTnmasium .. .. 80x40 
Instructor's and dresa- ),. ^ , « 
iuroom .. ..r*^** 
^^\S!^!i°^ aa 8psce pennlta. 
Praetlo»«oomfcrband 8Txii 


Divine Worship. 


Omteen JhtaMishment 


Oell Estabtlahment 


Barrack-maaler's EsUbUshment 


Feet 

Gbapel sdiool . . 80 x 58 
Infant school . .. 88 X Id 
Teacher's room .. 14X11 
Bed-room • . 14 X 11 
Kitchen sad oflkea. 
Plajgroond. 
SchoolmastenT quarters a« 

Stalf-senreanta. 
Latrinea for boys and girla. 

•Female. 


Feet 

Ghnteoisbop .. .. 18x16 

.. btf SOX 6 

i, atore 16X10 

,, cellar .. .. 16 x T 
., ,, Na3 .. 18X16 

Tap-room 60X86 

No 8 living-rooma tur),«^,. 
canteen-man ,. ..J"^** 

Kitchen and scoUut. 

Yard. . 

Latrinea and urinalik 


Feet 


Feet 

Bsrradcoaica .. .. 18X16 
Barrack-sergeants' quaiw 
ters aa Stall-eeigeants. 
Foul-beddfaig store .. 30X80 
Unserviceable atona 33 x 30 

Meat-atore 30x30 

Ooal-yard 60X60 

Goal-shed 60XS0 

Englne^hooBSL 
Ladder-shed. 
Meter-houaa 
Latrine and mteaL 


on acoommodation ) 
Na 30 cells ..13XT.6X10 
1 Sink and urinal on each 

floor. 
1 Water^looet ditto. 
Latrine In yard. 

Shed for ahot-driU .. 40X30 
Exercise shed .. .. 60X10 

Kitchen 16 XU 

Yaid. 

Provoatpseraeant^ quartcn aa 

forOasBA. 
StaflL 
Ooal-etore. 
Water<luaet 
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The' shelves and other flitings of caYalry bairacks are nearly identical with those of infiaatrj. 
except that some modification and proyision mnst be made for racks for lanoes, swords, pistols, ano 
carbines, with which the cavalry soldier is armed. 
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Block-plan of Cavalry Banacks, Dondalk. 



jjf ooiaierB quanerv. jb, AAOrpiw. xi, ooiaiers pnyies. i/, v;DOK-noaae; x-, wasn-aouae ana 
sheds. Sf Armourer's shop, 8, Infiuitry stables. T, Tix)op stables. W, Soldiers' wash-house. 
X, Forge and shop. F, Mag^udne. Z, Dnn^its. V, Engine-faouse. W*, Canteen. X, Cells. 
P, Banack-eeigeants' quarter! and cells. Zr, Guard-room and regimental store. 

Cavalry stables, when they do not form a part of the range as above mentioned, are generally 
placed benind the main buildlings, and are either built double, that is, with two rows of stalls and 
a passage between them, or single^ with one row of stalls — ^in either case, the stall being oonsidered 
as the unit. The cubical space allotted for each horse is about 1200 ft. The double stables have 
a width of SO ft'* the single 17 or 18 ft, with an average height of 10 ft. The size of the single 
stall averages 9 ft. 6 in. from the wall to outside of heel-post, and the width 5 ft. 7 in. The width 
of a stall for an officer's horse being 6 ft. Officers' stables have saddle-rooms, and separate hay 
and straw stores, with doors sufficiently large to admit a carriage. The stable accommodation 
provided for officers is that of the number of chargers they are entitled to draw forage for. Hospital 
or infirmary stables are also provided, in the proportion of 6 boxes and 14 stalls to every regiment, 
at the present establishment of 253 horses. 

The drainage and ventilation of our cavalry stables are now carefully attended to. Ceilings to 
stables were formerly considered as indispensable, yet n^ny are in fttvour of open roofs well ven- 
tilated at the ridge, and the under-side of rafters lathed and plastered to prevent the fall of dust. 
The stalls are generally paved with granite pitchers, 6 in. x 3 in., laid diagonally in Portland 
cement to a slope from front to rear of 1 in 80, and falling from the centre of stall to each side 
1 in iO, with a oressed channel of stone or terra-cotta emptying into a trapped underground drain 
outside, and quite clear of stables. Local materials, however, in many oases, may be used. 



Tho fltlDMit* of M mnJrtgtahUm ue of OMt uid wrongbt Inm, of » nnlforu «atoblUli«d 
pktteni, Figi. 557, 658, 559, Tbe honai of the prifateB km MpMted b; awing bftlM of hollowed 
WTMight iron, 2| in. dtwn. The h»y-tmoki uid naogen ue boiiiontKl, Bnpputed by o ' * 
(tone oorbela boilt 
intowftllB. Theiua 
oftheold-bahiansd 
over-hMd hay-txik 
ftltd wooden mnnf^i 
it diaooDtinued in 
*I1 niliUr; Btablra. 

The wftlU of 
ofBoen' lUble* «n 
bouded to* height 
or7a,uidthBat*lla 



MpBnted bT 1} in. 
tcmgned o*k puti- 




•wlnfF window i* 
proTided for ereiy 
■tiJl In both liDxle 
Hid double ttablM. 
A perfbnted oonne 
of sir-brioki l« bnilt 
nndei the eavee, 
uid ui ftii-briok, 
9 X 9, in walla S ft 
abore floor between 
even' two stall*. 

Wrangbt-irmi otm-bin* are prorided fn Moh hay and itntw itne ; and in the troop itablea tbe 
Bddlerylj kept on wronght-inm brackets, aorewBd into the heel-poata of oait Iron. Offleere' 
Bddle-roonu are pio¥ided with a mall itOTO ; and gai and water are geneiallj laid «t to all (table* 
where piaotioable. 
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Btablee ihonld be plaoed from 80 to 
40 ft. in rear of the men'! qnarten, and 
large oofridors, eoTered with glaaa roofi, 
■honld be formed between them, so aa to 
afford ihelter to the men attending the 
■tablet in wet weather. At other timet 
the; oan be ntiliied as drill-ihedB, The 
litter-ttalU, manure-pita, &a, placed In 
lear <A itablea. 

Tb« following bnQdinga are R^ierallf 
ineloded in a projeot for a csTalrTbarraok : 
— a riding-eohool ; ilorea for forage, aocord- 
iDg to local oironmstsDoea ; toigea ; ahoo- 
ing'Shoda ; medioine'room ; litter-ttellt, &e. 
(and where artiller; or military train are 
(juartered, ptoviaioD must be made for gun 
and carriage theda, &o., Ao.) ; workaMipe 
Ibr aaddlera, harneat-makeri, Ae. 

In 1858, when prliea were oflbred for 
the best designs for barracks for infantry 
and cavalry, Mr. H. Wyatt obtained that 
for tbe l&tter, and afterwards prepared 
plans for a cavalry banaok kI Nottingham, which, however, owing to some loc*l difflonltiet as to 
site, dto,, hns not as yet been cejried out. The synopaia used by iiim and all the other competitora 
wae from the Blue-Book oontainins the Beport of the Committee on Banaok AooommodatioD in 
the Army, vith tbe Hiuutee of Evidenoe, datud 1S55. 

Oaemattd Bamckt. — In nearly all onr recently ereoted fbrtificatioiu, oonvaDient bomb-proof 
barracks or oasematee for the garrisons are provided, with all the neoettary store and other 
aooonuQodation, and (firming a vast improvement on the old oaeemate* at Ciwtham, Cork Uarboor, 
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Plymouth, and other places, which were bo justly reprobated by the Barrack Oommission. The 
new casemated barracks thus constructed' wUl allow the War Department in some degree to make 
up for the loss of accommodation caused by the enlarged cubical space now allowed to each man, 
without any particular outlay for this specific object. Properly arranged, a casemated barrack is 
quite as dry and healthy as one of ordinary construction. 

Temporary Barracks. — For some time prior to the Crimean war, the formation of large camps, 
composed not of tents, but of buildings of a more permanent naturo, and capable of accommodating 
not one or two rogiments. but a large corps d*arm^e of from 10,000 to 15,000 men of all arms, and 
necessary war material, nad found much favour in the eyes of the military authorities. Com- 
mencing with the encampment on Chobham Heath in 1853, the great military camp at Aldershot 
was next projected in 1854, the site being on a Tast expanse of waste land or heath on the 
borders of Hampshiro and 8urroy, within a convenient distance of the metropolis (about 35 miles) 
and our great naval arsenal of Portsmouth, and easily reached by the South- Western Railway, 
which passes within a short distance of it. Aldershot can now accommodate 20,000 men; and 
probably up to this date not less than 1} million sterling has been spent on it. 

Another grand training-camp for the troops stationed in Iroland is that of the Curragh, 
situated on the vast plain of that name in the county of Kildaro; it was formed in 1855 for 
10,000 men, but is now capable of accommodating many more. There are also large temporary 
barracks at Colchester ; Parkhurst, in the Isle of Wight ; Chichester ; and ShomclifTe, near t)over. 
The huts of these camps are principally of &amed fir, clap-boarded, and covered with asphalted felt, 
with a central nucleus of brick fire-places. The framing is raised off the ground by brick sleeper- 
waUs in every case. 

The original temporary buildings are being now, especially at Aldershot, gradually replaced 
by others oif a more permanent nature. 

The sanitary arrangements, water-supplv, roads, &o., of our large camps are generally satis- 
factory, and the health of the troops better tnan in barracks situated in large towns. 

The principle of construction in our temporary barracks is simply the arrangements of the 
different units of accommodation for soldiers' and officers' huts round a series of squares ; in the 
Curragh Oomp these squares have an area of 880 ft. x 360 ft. for drilling purposes. The soldiersT 
huts are of a luliform size, 40 ft. x 20 ft., and accommodate 25 men eacn. The officers' huts are 
divided into 8 small rooms about 9 ft. square, and the sergeants' something similar ; so that space 
is economized as much as possible. The officers of higher rank are of course better accommodated ; 
but married officers have a just cause of complaint in the verv limited space allotted to them, and 
the wooden buildings in winter afford anythmg but comfortable lodging to their occupants. The 
cost of a soldier's 'hut may be estimated at 85/. each. 

In Parkhurst* Barracks the huts are covered with a rebated tile, which extremely resembles 
brickwork, and forms a very warm and durable covering. 

The arrangement of the old Roman camps, as described by Polybius and Uyginus, might be 
dtudied with improvement by modem military engineers. 

Indian Barracks. — ^Yery extensive improvements have of late years taken place in our Indian 
barracks, involving indeed nearly a complete reconstruction. A cubical space of 1500 ft. per man 
is now allowed, and all the buildings are raised some feet from the ground, and surrounded on all 
sides with a verandah, 10 ft. 6 in. wide. A barrack-room for 24 men — and they seldom hold less — 
is 100' X 24' X 15'. They never exceed two stories in height. Ventilation and drainage are care- 
fully looked after. They are wanting in none of the conveniences and luxuries (if they may be 
termed so) of our modem home-barracks. A simi of not less than 10 millions sterling has been 
lately provided by the Indian Grovemment for the purposes of barrack improvement and recon- 
struction, showing how vastly important this subject is considered in our Indian empire. See 
* Suggestions for Improving Barracks at Indian Stations,* issued by the Secretary of State for 
India, 1864. 

Foreign Barracks, — On the Continent, barracks are much more numerous than in England. 
They are generally on a much larger scale and with greater arohitectural pretensions, although 
very often deficient both in material comforts and sanitary arrangements : their position, too, is 
more infiuenced by political considerations than English barraclu are. The men's quarters in 
Continental cavalry barracks are, like many of our own, often placed over the stables. Generally 
speaking, the soldiers' quarters are airy enough, though cold and comfortless in winter; and our 
expensive and well fitted up officers' quarters and mess establishment are altogether wanting. 

The great foreign camps at Chalons, in Rhenish Prussia, Silesia, &c., are on a much more vast 
scale that any of ours, and have their huts generally formed of sod or wattle, thatched with reeds 
or straw ; but these are only occupied during the exeroise months in summer and autumn. A 
French hut to hold 20 men is 6 '50 metres long and 4 '35 wide, and 3 30 high to ndge. See 
Laisnes' ' Aide Memoire,' p. 598. 

In France, sailors as well as soldiers and marines are provided with barracks at all the large 
naval stations — a system which might be very advantageously adopted by this country, instead of 
allowing our seamen to disperse over the face of the land when their ships are paid off. 

BARRAGE. Fr., Barrage ; Geb., Damm Schiagbaum ; Ital., Chiusa ; Span., Estacado, 

Barrage is a French term, and signifies, in an engineering sense, the baning of a river or other 
watercourse by artificial means, in order to facilitate navigation or irrigation in parts where the 
incline is too rapid, and the quantity of water — from that or other causes — would be insufficient 
for those purposes were it left to spread freely and in waste over its normal bed. 

In mountainous districts and hot countries, but more especially in tropical climes, the rivers 
are all subject periodically either to a great excess of water or to an almost total want thereof. 
To-day they are raging torrents, flooding and devastating the neighbouring cotmtry ; to-morrow, 
mere streamlets, often fozdable, and frequently reduced to the 400th pait of their orcUnary average 
volume. 
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Bneh irregnlaiities exdrolie a most dotrimental inflneiioe over the InterestB of the populatioiia 
where they occur. The agricultunJ proeperitj of India, for instance, suffers greatly from these 
causes ; for there, unless aided by artificial irrigation, all cultiyation must necessarily cease during 
the dry season. 

In Demerara, Surinam, some parts of Georgia, and a few other places, the evil is in a measure 
guarded against by the facility which those countries possess of cutting canals and obtaining water 
from the interior ; but, as a rule, it may be said that there is a total absence in all tropic^ lands 
of that due provision for regulating the supply of water which is of such vital importance to the 
welfare and prosperity of every country. 

It is not our province to dwell upon the physical causes that determine this state of things ; 
but, having referrod in a cursory manner to the very serious damage to commerce and agriculture 
arising liierefrom, we propose to lay before our readers, as concisely as possible, some of the most 
Bucoerafnl remedies which the engineer's art has from time to time suggested in counteraction of 
the evU. There is, however, a peculiarity appertaining to the gr^t tropical rivers running 
through countries having dry seasons, and crossing deltas or alluvial plains, which it may be 
interesting to mention. It is the fact that the beds of those rivers are sometimes as high as remote 
parts ofthe neighbouring country, while their borders are much higher ; so that the overflow 
diverges at nearly right angles to the direcf flow. The cause of the bed and sides of these rivers 
rising above the natural level of the surrounding plains is due to the earthy matter, held in sus- 
pension by the natural flow, being deposited in proportion as velocity is diminished. 

There are two kinds of barrage, the Barrage and the Barrag&-molnle : early examples of the former 
are found in the permanent dams placed across streams and watercourses, so as to increase or main- 
tain their depth, for the purpose either of rendering them navigable or obtaining a fall with the 
view of propelling machinery ; the surplus water, in such cases, being conducted through sluices, 
or over by-washes, dams, tumbling-bays, or overfalls, prepared to carry it off; and, in the event of 
floods arising in the river, additional sluices being opened, in order to prevent it overflowing and 
injuring the side-dams and adjacent proper^. Works of this nature may be seen on the Thames, 
on the Amo at Florence, at the reservoir of Gros-BoiB, on the Canal de Bourgogne, on the Yesoult, 
at Courbeton, at Conflans-sur-Seine, and on numerous other canalized European rivers; and 
although they will hardly bear comparison, in point of magnitude, with those executed in tropical 
regions, nevertheless many of them are of sufficient importance to deserve special mention in the 
course of this article. 

Babraqe-fixb is the term applied to permanent dams, built of masonry. 

Babraob-mobilb, or mooabie barrage^ is that which can be raised, lowered, or removed at will, 
and is formed partly of masonry, partly of timber. 

The most simple form of hcurage^moinU is that represented in Fig. 560, where the current of 
water passes between two lateral walls, whose intervening space is partially closed by a certain 
number of small beams A, A', A", K"\ 
superposed, and forming an overfall by 
which the liquid flows into the trough 
below. Tlie advantage of this plan is, that 
it enables the ridge of the weir to be height- 
ened or lowered at pleasure, and with very 
great fscility. 

A rather remarkable phenomenon is 
connected with this sort of barrage. When 
it is required to raise it, another beam B, 
floating in the upper trough, is borne by 
the stream till it reaches B', where its ex- 
tremities rest against the rabbets that secure 
those already fixed ; but no sooner has it attained this point than it is seen suddenly to sink, 
lalling straight on to the beam A' Vand thus taking up its allotted position as if by instmct. 

This fact is easily explained. The space that separates the beuns A'" and B' forming a kind 
of adjutage, the pressure upon the under surface of B' becomes less than the atmospheric pressure 
exerted upon its upper surface (see HtbRAULics). The beam acts, therefore, in ooedience to the 
difference of those two forces augmented by its own weight. 

It must be observed that the first beams A, A', which have to be put beneath the level of the 
lower trough, do not sink thus naturally into position : in order that the phenomenon may take 
place, they must already be in sufficient number to rise above the surface of the water in the 
nether bamn, so as to produce a fall. 

A difficulty arises in ascertaininff the exact coefficient of the expenditure of fiuid, by a dam or 
overfall, which it is important to pomt out before proceeding further. 

An OverfaU is an orifice, open at the top, and the lower part of which presents a flat, horizontal 
surface called a SiU, The lateral edges being generally vertical, the opening may be considered as 
a rectangle, of which the upper side has been removed ; this assimilation would still be admissible 
even in a case where the length of the sill, in relation to the thickness or depth of the sheet of water 
passing over it, was very great. 

Let L be t^e length of sill ; 

y the vertical distance between the sill and the surface of the liquid at some point of the 

reservoir where it would be comparatively stagnant ; 
iy the thickness of the sheet of water passing the overfall ; 
Q the expenditure in a second of time. 

The water being supposed to flow freely into the open air, we flnd that for one molecule, 
startinflf from the reservoir without any sensible initial velocity, and actually traversing the 
verticsl olane of the sill, the load varies from y to y — 1|, which shows at once that i| must be 
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gmaller than y ; for, by Tirtae of Bernoolirs theorem (see Htdbauligb), no flow can take place 
where the load \m negative. The velocity corresponding to the mean load will therefore be 

^2^ (y - 1 v), 
and, aa the section of the orifiee is represented by L i|, the theoretical expenditure will be ex- 
pressed by L i| V 2<; ( y — — ^ V ^* ^^^ ^® designate by m the coefficient of expenditure as 

applied to the flow in the present instanoe, we shall have Q = mhii V 2^ (y 17 V 

In the foregoing expression 11 and m are unknown auxiliaries that no theory has he&a able yet 
to determine. The only thing we know is that n must be smaller than y, and experience shows 

that the ratio — is inconstant, but that it rarely descends below 0*72 for oTerfalla having a 

narrow sill : we will suppose, therefore, its mean value to be equal to 0*86. As regards m, since 
it varies very little witn the load or the dimensions of a narrow-edged orifice, we may leasGnably 
assume it tooe equal to the mean 62. We thus obtain 

Q = 62 X 0-68 Ly V 2^ x 57 y 

= 0-403Ly^2^y. 

In reality, if we pjit Q = r Ly V 2^y, r being a ratio that can only be determined experi- 
mentally, it is evident that it has not a constant value. MM. Poncelet and Lesbros, in 
experimentalizing upon a narrow-edged overfall, 0"* 20 in length, and sufiiciently distant from 
the bottom and lateral sides of the reservoir, found that r varied from * 385 to *424 ; its greatest 
value corresponding to the smallest loads. The mean of these two numbers ia 0' 405, which differs 
but little from the result 0*403 obtained above. 60 that for narrow-edged overfalls, placed at a 
sufficient distance from the bottom and sides of the reservoir, and flowing freely into the open air, 

we find Q = 0405 Ly ^ 2yy nearly : but this formula may give a result either a little too great 

or a little too small, according as the ratio y- is great or small. 

It is very difficult, even by approximate valuations, to keep an account of all the circumstances 
and local conditions that may tend to influence the value of r. We may observe, however, that if 
a canal be baned across its entire width by a narrow-edged overfall whose sill is tolerably distant 

from the bottom, and if, at the same time, -^ be small, it would be advisable to make r a little 

^ I 

larger, and to put Q = 0*45 Ly V 2ay, or, which is the same thing, Q = 2 Ly ' • 

We will now cite a particular suod rather remarkable case, inasmuch as it shows how theory 
may give an increased limit to the coefficient r and ^ 

the corresponding value of n. It is that where the 
sill Bof the overfall. Fig. 561, widening at its junction 
with the reservoir, is prolonged by means of an open 
channel, slightly inclmed, wherein the liquid acquires 
a sensibly imiform motion. Then the common velocity 




of aU the streams passing AB is V2y(y— q); 
and, as there is no further contraction beyond the 
above section, the expenditure Q is given by the 

formula Q = Li) V2flf(y — ij). 

When L and y are invariable, Q becomes a function of v only, and its TnnTimn m is easily 

found. For, in fact, ^ ^ = »»*(y — i?) = yij* — ij": the maximum of the second member, and 

consequently that of Q, is found by making the derivation taken in relation to 1^ equal to lero, 

2 
8 



2 

which gives i} (2y — 3 !}) = 0, whence i| = 5- y, since ij — would lead to an expenditure that 



o 

would be nuL Then, in the expression of Q, by making i| = ^ y, we get 

8 

2 

Q = r--=LyV2yy = 0-885LyV2^y. 

"Hie surface depression y — ij corresponding to the maximum expenditure is, therefore, one-third 
of the height y, and the value of the corresponding ratio r is • 385. As the theoretical hypotheses 
are never completely realized in practice, if the siU of the overfaU be followed by a channel, r will 
very rarely attain the superior limit 0-385. According to MM. C astel and Lesbros, the mean 
expression for an overfall like the present would beQ=0*35LyV2yy: but here again tnere 
™*y^ ft very great variation in the ratio r between one overfall and anotiier. 

When, in lieu of there being a comparatively sta^iant reservoir above the overfall, there is a 

current with an appreciable velocity U„ the expittssions \/ 2y /^y — | ij'j and V2y(y — ilX 
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oonridered above* no longer represent the velocity of the streamB of liquid paaring over the sllL If 

U« — U' 1 U* — U' 

we call that veloolty U, Bemonlli'B theorem then gives — r — - = y — « ^> ^ — o — ' = V "" Wt 

zg 2 ^g 

according as the question has reference to an orifice discharging freely into the air, or to one 
followed by an open channel. 

Although, in a general sense, it is possible to tell, with a sufficient degree of exactitude, the 
velocity with which a liquid flows from a narrow-edged orifice — whether tiiat orifice be plane, or 
widening towards the interior of the reservoir, or followed by an open channel slightly inclined — 
there yet remains one quantity of far greater practical importance, which, unfortunately, it is not 
so easy to ascertain, and that is the expenditure. This last depends not only upon the velocity 
with which the molectdes pass' the plane of the orifice, but also upon the angles at which the 
several liquid streamlets intersect that plane, angles that var^ from one point of the orifice to 
another according to laws at present unknown. The only positive assertion that can be made is, 
that the real expenditure of water is less than the product of the area of the orifice by the velocity 
of the streams traversing it, which quantity has been improperly termed the theoretical expenditure. 
We have indicated several numbers which, in certain special cases, will afibid an approximate 
solution of the question. In reality, however, in each of those particular cases the coefficient of 
expenditure is inconstant, and varies according to secondary circumstances, whose influence is very 
imperfectly known, such as the dimensions of the orifice, and its position in relation to the bottom 
and sides of the reservoir. Consequently, the only advice we can give, when the approximation 
obtainable by the mean coefficients of expenditure which we have indicated is not deemed suffi- 
ciently satisfactory, is to select from known collections of experiments those that bear the closest 
relation^ip to the case under investigation, and to borrow therefrom the coefficient that appears 
to be tho best applicable. 

The Tables at the end of this article, and which are taken from the more complete and extended 
ones published by MM. Lesbros and Poncelet, give the coefficients of expenditure which we con- 
sider the most useful in practice. 

The abrupt sectional changes that take place in watercourses give rise to various problems 
that are of great interest to the engineer. Unfortunately, the actual state of science renders it 
impossible at present to solve them in so satisfactorjr a manner as would be desirable. In the 
following example, theory supplies us with a few data — ^incomplete and inaoouate, no doubt, — but 
capable, nevertheless, of being utilized in practice. 

Under ordinary circumstances, the sill of the barrage is higher than the level of the water in 
the lower trough ; but, where the current is variable, it sometimes happens that the latter rises 
above the weir, as shown in Fig. 562 ; the barrage is then said to be noy^T, or submerged. 

Let us suppose a barrage, or overfall, to be thrown across a watercourse, of which the level — 
and consequently the expenditure— are variable : in order to simplify as much as possible the cal- 
culations tnat have to be made, we will imagine the channel in tne vicinity of the barraee to be 
rectangular and the bottom horizontal. The expenditure having a definite and known value, it is 
required to find : 1, the greatest height to which the lower levd of the water can rise without in 
any way affecting Uie upper level : 2, in the case of that limit being exoeeded, what would be the 
nature of the fall that would ensue from the upper to the lower trough. 

Let L be the width of the current ; A, its depth above and a few metres from the weir ; U, its 
mean velocity at that point ; A and U analogous quantities for a section taken a little below the 
fell ; e the height between the crest of the weir and the bottom ; v the velocity of the sheet of 
liquid paasing over the crest : ii the thickness of that same sheet of liquid. 

There bemg no lateral oontraotion, if the barrage acts as a narrow-edged overfall, the expen- 
diture Q wiU be given by the formula Q = 0-45 L (^A, - o -h ^^ V^2 ^ ("a, - c -h Hi V 

If the crest, instead of being narrow-edged, happened to be of some considerable length, with 
a slight incline, then the coefficient 0*45 ought to undergo a certain reduction, and descend to 
8iS, or even to a lower number, such as 0' 86 or ST. The formula holds good so long as the 
overfall empties itself freely into the open air, to accomplish which it is necessary <mly that 
the level of the water in the lower trough be 
beneath the crest of the weir. When it exceeds 
that point, but only by a quantity less than % it 
appears evident that the formula must not be modi- 
fied : the very utmost that can happen is that the 
streamlets, losing their parabolic form, and becoming 
parallel as they cross the oyerfall as in the case 
when this latter is of any great thickness or width, 
the numeric^ coefficient would have to be reduced, 
as just stated : which would tend slightly to raise 
the level above the weir, the expenditure remaining 

the same. In examining the question more closely, it is seen that the level below the weir may 
be raised even higher yet without any perceptible alteration taking place in the expenditure. 

Effectually, if we apply the general theorem of the quantities of motion project^ to the liquid 
contained between the vertical plane A B, Fig 562, which passes through tne sill of the barrage, 
and the section C D where the velocity is U, it will at once be found^at the algebraical incre- 
ment of the quantity of motion of the system projected along the horizontal line during a very 

nQO , 
short space of time, 0, is CU — o), admitting that all the molecules of the same section pos- 

the Mune velocity. As to the impulses, we need only keep account of those prodooed by the 
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pressxue on tlie surfaoea B A E and C D, disregarding the atmospherie pressnre which acts uni- 
formly upon the entire system. These pressures must accord very nearly with the hydrostatic law, 
in the first place because the streams are ostensibly parallel as they trayerse A B and G D, and 
because the motion of the liquid in contact with A E! is comparatiyely slow ; hence the yalue of 

the projected impulse is -«• n 6 L | (c + ij)' — A'|. We haye, therefore, 

2 Q Q 

or, by simplifying, =-^ (U — «) = (o + ij)* — A*. We moreoyer haye ■=- = « 17 = U A ; and, by 

Li g Li 

eliminating Q and U, the former expression becomes ^ { T ~ ^ ) = (^ + 'j)* ~ *'» equation 

of the third degree in A, whence that quantity might be deduced if v and tj were known. In order 
to find those unknown auxiliaries, it must be admitted, in conformity with what has been seen in 
the theory of the oyerfedl, that the surface depression Ag — 1} — c, aboye the fall, is connected 



with the total load upon the sill by the equation Syh^—ii — 
deriye Stj = 2 lhQ — c+ ^ j, which, in combination with 



c + 



El 
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c + TT^, whence we 



in order to find ir, would giyeQ =0*87 L x ^11^^2^X5-1? = 0-68 Li? »/2gn, 

Q 

Haying found 17, we calcxdate v — = — , and we thus obtain the necessary elements to arriye 

at the numerical yalue of A. If, on the other hand, the depth of water below the fall were to 
exceed the aforesaid limit, what would be the depth aboye the weir ? 

In order to answer this question — supposing the expenditure Q to remain constantly the same- 
let us indicate the alteration that takes place in 1?, o, Ag, U,, A, by 1}'. o'. A',, U',, A' : we then get 
the following equations : — 

2V'^'VV ,^-r«4-,'^« A-* '^"-^'•'-V-c-V ^-Vr'-A'U' 
■"^VV""V ^"" ' 2^ 27" •''''' X""**^"**^*' 

whereof the first and two last are known ; the second is an immediate application of Bernoulli's 
theorem to the passage of a molecule from the section F G, where the yelocity is U'«, to the section 
AB. By means of these four equations the unknown quantities 1/, t/, A'., U',, may be deter- 
mined, when Q and A' are giyen. The thickness rl of the sheet of water A B cannot be calculated 
by the same expression as 17, because the barrage acts no longer as an oyerfalK 

The influence ot a barrage, when submerged, becomes less and less perceptible ; that is to say, 
the fall A', — A' grows smaller and smaller as the leyel of the water bielow the weir rises. This 
will be understood a priori^ without any mathematical demonstration ; for, if the barrage be coyered 
by a sheet of water much higher than itself, it will then occupy but a small fractional portion of the 
transyerse section, and thus, in a measure, may be compared to a slight undulation of the bottom. 

Bateaurvanne, or fioating-gate^ is the name giyen to a sort of self-acting, moyable barrage, 
inyented by M. Sartoris, and which, in point of simplicity, comes next under our notice. It is 
used chiefly for purposes of irrigation, and for regulating the supply of water in mill-ponds, and 
is as follows : — 

A caisson, or boat as the French term expresses it, A A, whose transyerse section is rectangular, 
rests against two stone piers, the space separating 
these being partially closed by a platform B B\ 
Fig. 563, raised aboye the bottom C G of the 
riyer. The water passing between A and B has 
a certain yelocity U, while the streams that 
pass beneath the boat haye a less yelocity XT'. 
if we call A the height of A below the leyel N. 

U* 

we haye x— = A* On the other hand, if, 
2g ^ 

within a giyen section D D', all the streams 
could be reckoned as parallel and haying an " 
equal yelocity, and a and 6 were taken to desig- 
nate the heights AB and DD' — the opening 
bein^ supposed to be rectang^ular — tiie mcom- Q. 
pressibility of water would giye U a = U' 6, 
which relationship is necessary in order that 
the mass of water comprised between A B D D' 
may remain always the same. Finally, by applying Bemoulli*s theorem to a molecule passing 
from the point D, with a pressure p' and a yeloci^ U', to the point A where those quantities 
become |9 and U, we haye the equation 
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Fxom these three relationB it is not difficult to deduce 
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Thifl calcolation of the pressure j)* upon the bottom of the float may be a little uncertain,* espe- 
eially as the velocities of the molecules that traverse the section D D' are not all equal, and the 
oonverging of the streams towards the orifice A B prevents them also being horizontal ; but it is 
quite efficient to show that p' must be greater than p, and that the excess Increases with K The 
weight of the boat and its friction against the piers may sometimes be Inadequate to establish 
equilibrium with the vertical force produced by the excess p' —p; in that case this is what is 
done : on the side facing the upper trough are several cocks, by means of which water enough is let 
into the caisson to balance it in the position it is Intended it shall occupy. If it be required to sink 
it lower, more water is let in ; if, on the contrary, it has to be raised, another set of cocks, facing 
the lower trough, are opened, the water flows from them, and the boieit rises as it becomes lighter. ( 

The two following styles of flood-gate are by M. Chaubart. Thev have been tested on the, 
canal that borders the Graronne, with very satisfactory results, and for which the inventor received, 
great praise. It would seem, therefore, that they may be serviceably employed for purposes of j 
navigation and irrigation, as well as in regulating tiie level of mill-ponds. We have thought proper 
to introduce them here because they b^ a rather close relationship, in principle, to a system of 
barrage-mobile now getting into very general ose in France, and of which we shall presently have 
to sp«kk at some length. 

First Flan. — A canal, whose section is rectangular, is closea by an inclined gate A B, Fig. 
564, occupying its entire width. To this gate is permanently fixed a quadrant C D, made of cast 
iron, which rolls on the horizontal plane £ F. When 
the gate is in its initial position, the level N of the 
water touches its summit, and it must be so arranged 
that the resultant of the forces of g^^vity and the pres- 
sure of the water, acting upon the apparatus, shall pass 
through G, the actual point of contact of O I) and £ F. 
Equilibrium is then established. But it, from any 
unforeseen cause, it so happens that more water comes 
into the trough above, and that the level N rises, the 
centre of pressure rises with it, and the resultant ad- 
Tances in front of G. The gate then swings «n basctUe, 
tUl it assumes the position A' B', and the point of con- 
tact of the curve is removed f^m G to G', while the 
surplus water runs off both at A' and B'. 

It may so happen, when in this new position A' B*— if the curve G D has been properly deter- 
mined—that the resultant will pass through G after the level has returned to N. In that case it 
is clear that the gate will remain in the position A' B', and that it will only quit it when a further 
rise causes its angle of inclination to be increased, or when an additional fall in the level forces it 
to right Itself. In a word, whatsoever position it may assume, it will only remain in equilibrium 
so long as the level of the water in the tank reaches its normal height : — a greater height will 
widen the outlet, a less height will contract or close it. The apparatus may consequently be used 
to ensure a constant level of water in a reservoir where the supplv is variable. 

Second Pkm.—Bj the aid of the gate just described, M. Chaubart has solved, as we have seen, 
the problem of obtaining a constant level in a reservoir where the supply is variable. Now, on the 
contrary, it is wished to get a constant and equal supply of water through a rectangular opening 
in a tank where the level varies. We will explain in what manner M. Chaubart has effected this 
object 

When in its natural position, the eate A B, Fig. 565, leaves a free outlet for the water between 
its lower edge and the bottom of the basin. The level N of the water, being now supposed to have 
attained its maiimnm height, nearly toudbes the top A of 
the gate, while a certain g^ven Quantity Q of water is dis- 
charged, in the unity of time, by the above rectangular 
opening whose dimensions are known. The gate is kept 
in equilibrium by the line A B resting against a fixed 
curve G C C", and the resultant of the actions exercised bv 
the pressure of the water and by gravity passes through 
the point of actual contact C. When the level falls to N', 
the total pressure necessarily diminishes in proportion, 
and the gate swings en bascule till it finds another position 
of equilibrium A B', which line rests upon a different 
point, C, of the fixed curve ; while the point B, advancing 
to B'f the section of tho outlet, on the other hand, is pro- 
portionately increased. It may easily be conceived, then, 
that if the curve 0' C" has been properly traced, it is 

2uite possible for tiie enlargement of the orifice to compensate for the diminution of pressure. 
t^ now, we call / the width of tho outlet, y the height of B' above the bottom F IT, T the height 
of the level N' above the same horizontal line, m the coefficient of expenditure applicable in the 
present instanoft, the invariability of the expenditure will bo expressed as follows : 

ttom which equation may be deduced the values of T in relation to y, and inversely. 
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OnfortonfttolT It it JWj difflcnlt lo McertBin ths eiaot ab«pe of the reqaired cnrre : there- 
fore, KB the Umila and nftluro of this wmk wiU not allow lu to enter into a Iodr theon^tiol mvuM- 
galion, wo will content onraelvea with laying before our readeTB an approiimBte graphical method. 

It mtut be admitted that during the diflplftcement of the gate the Bttaight line A Btoma upon 
a certain curve which baa to be determined in Buoh a manner ai to fnlfll the esBential oonditiona 
of the problem. In the flrrt place, the initial point C of the curre, Fig. 665, will be known by 
taking the intersection of A B with the reanltaot R of the weight of the gate and the preaflure of 
the water. Let us noil imagine the line A B to undergo a Blight change of position m the direo- 
tion of A' B' ; during this movement it will have turned round an infltantaneoHB and variable 
eentre of rotation between and 0', and, oonBeqnontiy, the approximate Boppomtion will be 
admissible, that its entire rotation took place roond the point D, where the tangents D L and 
D C to the cnrra C 0' meet. But, as that point ia not known, it mnst be taken, by gueas, a little 
below C and the line A B fs made to move at a slight angle round the centre D ; in thu freA 
poritiOD, the extremity B, now arrived at B', being at a certain height jr above the bottom P F , T 
has to be calculated by aid of the last eqnation ; we then draw the new resultant R of the weight 
and prewure, and And its intergeetion (7 with the last poaition of A B. We shall asoertam tt^t 
the point D, around which A D haa been made to turn, was properly choeen if it happens to b» 
oqoidialMit ftom and C ; if that be not the case, we shift the point D primitively adopte^ and 
ft Mixnid attempt will give, in a mfaoientlj approximate manner, both the line A' B and the 
aeoond point O* af the onrre souKbt. From that one we pass to another, and so on, till the 
leqnired curve is nitimalely tiaoed by a series of points or tangents. 

Cbmpoiwnts of a Kovable Barrage.— A movable barrage, established acroea a navigkble nver, 
oompriBM two eeeential pMto, namel;, the navigable way and the over&ll, «ee Fig, 666. 




The former is used (br pt ir pcee of navigatkni when there ia a raffleient natnral drai^bl of 
water in the river for ships to p«aa; the movable lifts which serve toelose the way are then bid 
flat on their platform. 

The overfall aerve* to maintain the level of the river at a determinate height when the barrage 
is in nee; it likewise serves as an ontlet for the water while the lifts of the navigable way are 
being raised. 

In addition to theae two easential parts, there Is generally, also, a lock throng which ths navi- 
gation takes place when the barrage is closed, see Fig. S6G ; when there ia no lock adjoining, then 
the navigation ca^ only be performed by removing the barrage and releasing the water at certain 
flxed periods. 

The till or ptatfcrm of a navigable way ahould be plaoed at a depth not teas than that of the 
bottom of the river above the weir. 

On the Upper Seine these iills are O"' 60 below low-water mark. 

The sill of the overTall Bhould be so raiaed that— having dne regard to economy and faeOity of 
oonatruction^ts section, added to that of the navigable way, shall offer an outlet proportional to 
the quantity of vrater that flows down the river at its different periods. Moreover, it must be at 
such a height that it roay give free passage to the waters of the river while the lifts are being 
raised witbont prodnciiig too hMvy a uU trSra the npper to the lower basiD ; these oonditiona are 
most important 

There neeessarily exists, th^efore, a relation between the section of the navigable way and 
that of the overfall; and another, moreover, between the width of the latter and the height 
of its sill. 

The sills of the overfalls on Ihe Upper Seine have been plaoed at 0"'50 above low-water 

The establishment of a navigable way is a costly work ; its breadth should, oonseqnently, not 
be greater than is absolutely necessary for the requirements of navigation. 

On the Yonne the breadth of the navigable ways is S5 mUrea : on the Upper Seine, between 
HoDlersftD and Paris, it vahea bom 40 to 5S mHrea, measured perpendionlarly to the course of the 

The width of the overfalb ranges between GO and 70 mMres. 

When the breadth «f the river will not admit of the overiui being placed perpendicnlarly to 
Its course, and in a line with the navigable way, it may be put obliqnely, as shown in Fig. 566 ; in 
that case the angle of inclination must not be lew than 60 degrees. 



II oiled the 

loorabla parts of the bamge. The platform, moreover, mnat be of tuch a tbickneea m will 
•Dkble it to resitt the different prBUuiea and forces to which it tuu to be Bubjeeted. 

On the Upper Seine that thlokneH is 2 u^tree, Irreapeotlvelr of the pavement. 

When the difler«oae of level between the upper and lower beeiii ie aa much aa 2"'40, aa Ib the 
OMe kt the MTcnl bamgea of the Upper Seine, eeob movftble lift of the navigable way is capable 



I vertical b 






,t the f..yt uf cju^li lift a bl(-ck uf at 
I mutrce t<abp. in nrder la ecrure it. An 
at of aimiiai dimenainnB, however, are 
\ Out cuil/ oblainablo, and lU thcj would 
\ entail, moreover, manj diffipultioe of con- 
\ struMiou. as well aa of repair, recoiirso 
I baa beun had to diso anchora. which firmly 
. ' bind the Bill totbebedaf conorGtelx 
■^ the fpimdetion. 




A glance at the above oat, Vig. 567, will make this arrangement olearlj intelligible. There 
b a aeparate anchor for ever; lift, BJid the; are fixed in poeition before the concrete ii poured in, 
their nida or ihanki being kept vertical dnnng the operation. 

In the navigable ways of the Seine, the preeeore in the direction of the bnttresB of each 
lift ia equal to about 4500 kilogramiDee, producing a horizontal oomponeot eqyal to about S500 
kilogrammes. Thia component tends to make the pilee of the foundationB give way, and CAoee the 
maie of concrete to pivot towards the lower beein. When, however, the piles are well driven in 
and boDud together, no mah diatarbaoee need be feared; but, ee the layers of ooncretc below the 
bll may poambly be imdenuined by the water, it i> reqoialte that the pavement of tlie platform be 
able to remit, by its power of adheaUm alone, a sliding lbt«e eqaal to 85O0 kOogrammes for ever; 
lift. If, thai, we taice 1100 kllogrammea only as representing the adhenve force of each square 
tnUreof maaonrr.weflndthat the adheaion added to the friotion gives a power of reaistauee greatly 
isoeeding S500 kilo^Tammea, so that little danger need be apprehended. 

The lift of a navigable way is eompoaed of three priacipel parts, namely : 

^^ nt . * 1. .» . — 1 — soaoeotible of movine uDon a horizontal ■.>» uwusu uhi^™ 

The 



<ja, and beating the horiiontat axis mentioned above. T] 
d by two •pindles working; in sockets that are attached 
lift rests, Fig. S$S; aa that thia chevalet is able to tu 



lower part of the ohenJet is terminated by two spindle 

the siQ against whloh the foot of the lift rests, Fig. S . 

upon its baac^ catnying with it, aa It mores, the framework of the lift. 

Srd. Of • buttress of iron, the head of which forms an articulation with that of the chevalet. 
Its tbot resting against a cast-iron aboe, firmly oemeoted in the platfonn 

"^ ~~e three irieeea are all that oa&stitnte the lift, and the whole arrangement preeents very 



timber, O the ocotre on which tl «wiin«, A' B' its position whm giving way to the water, and 
II N its pedtioa wh«k iTing flat on the platform to allow the passage of veaeela. But, in order to 
make the ananeeuMBit better nnderstaod, w« give an enlaigea out rqiraaenting the chief Matures 
of the natem, Fig. S69, wherein A B b1u>wb the framawori or wooden swing-gate, a b its podtieo 
wbaa laued, and A'B' its podtim wban lowered, tba ohersJM. and D the bnttreM or prop. 



Thti ti the lyBtCDi that haa been lo BnocaNTull; and ingcmlinMlr put into pnclico by H. 

at the oelebist«d b&irage of ConflauMtui-BeiDe — of nhich ft general vicn u hero shown, F 
and at vBiiom other plaoeo. 

B«ddee the three prinaipal oom- 
ponenta of a lift, above deacrlbed, 
there renukiiu jret one addition of 

The CBiHiUrpoUe. — Upon refer- 
rinK to the sevetal illuBtcationB, it 
vill be obgerred that that portion 
of the lift vbioh Ig above its axis 
of siupeiui<»), and which ia called 
the eo/A, or fiy, ia wedge-ahaped, 
Katting tbinnet towards the top; 
whereaa that which ia below the 
axis of mupenalon is nniform tn t« 
thicknew, which is eqoal to the 
thickest part of the flv This u 
done in order to nearly balance the 
gate, giying the lower port on, 
Howevar, t, slight preponderance 
over the voper, which bu a longer 
radiuB. The momect of the we ght 
of the timbers forming the ower 
part, called the cWoim, or I> A u 
about 110 out of water and that 
of the timbers of the Q; is nmi y 
equal to it: but when the breech 
is entirely immersed, the momont 
of ita weight is destroyed by the 
very fact of imtnersioa so that, n 
manieuvriug, the weight of the fly 
becomes an obetacle to the lowermg 
of the breech : to remedy this I 
naa necessary to append a counte 

Sise to the latter, Figs. S71 and 
2, composed of a mass of cs<t 
Iron, movable, and held and gu ded 
by three parallel iron bars. Fig 
S72, along which it may s de and 
weighing about 66 hiJ grammes 
The moment of this counterpoise 
together with the rest of tbe iron 
work of the breech, is about 96 

In order to give some dea how 
the system operates, let nt suppose 
ft lift to be raised and in posit on, 
and then observe by what means t 
is lowered. 

If th« end of the buttress, 
which is rooDded, be drawn on one 
aide from the shoe, it u evident 
that, losing its point of support, t 
will slide upon tbe platform m the 
direction of the pressure eierted 
against the lift: that the \maUt 
will necesssjily follow the buttreea, 
turning upon ite base; and that the 
gate itself, in rotation, will follow 
the cAnaJnf .- so that the two former 
will be stretched upon the platform 
in prolongation of one another 
while the latter rests on the top of 
both, covering them. See Fig 669 
The buttreaaes are made to si p 
from their respective shoes by means 
of an iron bar, placed horizontally 
upon the plaUbrro, and furnished 
with oatchea, so diapooed at dis- 
a that they draw aside the 



and in the order in wh oh it is 
intended to lower the lifts. Thia 
bar must be easy of mana 

and arranged in such a 
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that ill ftotlon majr not be impeded by grarol, iMid, or any foreign matfer taxrl«i down by tlie 
eoTTent. It is termiiuted at one end hj a rack worked by e Terticftl vheel, by the aid of wbieli it« 
' mperted end tbeiMie tmnamitted from bnttreia to bnttresB. Upon being releeaod frooi 
the shoe, the battiesBoa sUp into ^idiog 
nils, oi groovea, in which they elide till they 
reach the bottom. 

It mnst be obierved that, if the bar hu 
to be moved in a oeriain direotioa in order 
to tower the lifts, it ii also necessary that it 
ghonld be able to moTe In the opposite di- 
rectioD, after all the Ufta are down, so that 
each catoh of the bar may retnm to ita pro- 
3, before they are raiaed, anin to be 
ith tbi* Tiew it ie taqvi- 



site ao to anange tliat there may be a chamber 
reeerred beneath the articulation of the cbeTalet 
and bnttreae wherein the bar may freely work. 

'We have alraidv implied that the lift premier ie 
divided by ita azia of rotation into two dirtinot 
parte : the lower part it hae been agreed to oall the 
brwcA, and the npper the fiy. It ie neoeeaary (o 
bear in mind thii distinotion. We will now do- 
Boritie the 

Mtihad of Bamn, Og Lifti.—V the boM of the 

ineeh be flxed to the sill of the baRsge, and we 
attempt to raise the lift by eeitiiig the top of the fu 
with a hook, a reeistsnce is at once eiperienoec^ 
that increMeg rapidly with the height of the fall in 
the navigable way, and beoomee almost inBOrmonnt- 
able when the fall attaina a height of 0" ■ 80. 

With the movable lifle Bctually in nM, the 
operation is performed in a totally different manner. 
limtnaH of proceeding as abore, it is tlie lower part 






tfthairMiiithatisfliatratwd; whereby the Call of water which, u 
impediment becomea, to a oeiialn extent, an auxiliary becamie il 
lift aa Kion aa the water haa made Ita way beneath it To thia effect, the baM of tlw irteot ia 



9r inetanoK was a 
e woodwnk of th 
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provided with a stout iron handle. The keeper, entering a boat fitted for the pnrpote. Beizet 
this handle with a hook ; then, nulling, by degrees the hrewh of the lift rises from the platform^ 
dragging with it its chevalet, ana the Tatter its buttress^ Fig. 573. When these three have arrived 
at me end of their course, the extremity of the buttress comes and rests against the shoe, and the 
gate remains suspended on its axis of rotation, while the breech is upheld by the boatman's hook. 
As soon as the hook is detached, if the breech be a little heavier thim the >fy, or if it be slightly 
pushed, the gate immediately turns upon its axis, and the breech rests against the sill of the weir. 
This is effectually what takes place ; but in order to ensure precision and regularity in the 
working of the different parts, many other aooessories are needed, the details of wnioh our limits 
will not allow us to particularize. 

There are twelve bcarrages between Paris and Monteroau, of which the normal heights of the 
falls are as follows : — 

Metres. 

Banage of Port4i-r Anglais H = 2*40 

„ Albion H = l-85 

„ Evry H=il*54 

„ Goudray H = l*82 

„ Laatanguette H = l*43 

„ Yives-Eaux Hsrl*i6 

„ Melun H = l-44 

„ LaOave H = 1*97 

„ Samois H = 2*00 

„ Champagne H = 1'59 

„ La Ifadeleine Hrrl*64 

„ Tarennes H = l*62 

The extreme values are H » 2"'40 and H = 1"'48. 

When the reserve is on a level with the top of a barrage, the real fall Is equal to the nannal fall, 
ust given, less tiie surface incline of the water between that barrage ana the one immediately 
low it. That incline may vary tnm to O"* * 15. Moreover, it is necessary to deduct the thick- 
ness of tiie sheet of water surmounting the crest of the lower weir. 

We regret that space will not allow us to enter into further details upon so interesting and im- 

Sortant a subject. As we shall have occasion, however, to return to it again whim speaking of 
ood-gates and canals, we must refer to those heads for more minute particulars touching the con- 
struction and working of the movable Lift and the self-acting bascule gate. The lifts of a navigable 
way ought never to be self-acting, though the inconveniences likely to arise from th^ being so 
constructed would not be of any very serious nature. As regards the overfall, the case is different : 
there, on the contrary, it is of great importance that the mis, swung mi boKule, should be self- 
acting. 

At the barrage of Conflans the overfall Is composed of twentv lifts, each l"-35 high, 1**20 
wide, and separated by spaces measuring 0"* 10. Tliey are all self-acting, each gate swinging en 
boicule^ and being regulated to resist a certain pressure by means of a counterpoiM ; so that, when 
by reason of a sudden increase of water the pressure becomes too great, they immediately yield, 
and, presenting a wider opening for the floooL prevent inundations, veiy much after the manner 
of the gates invented bv M. Chaubart, It is, however, but an act of justice to sti^ that the idea 
of a barrage with movable lifts was first due to M. Th^nard, about the year 1840. 

That gentleman, for a great many years chief engineer of the canal operations on the river 
Ide, had been unceasingly occupied in search of, and experimenting upon, the means of arriving 
at some efficient and practical mode of re^:ulating, controlling, ana utilizing the supply of water 
in rivers. He so far succeeded in this object, that he was enabled to sustain the waters of the 
river Isle at 7 ft. 4 in. above the level of the bed, procure a convenient draught of water to get 
boats up during dry weather, maintain them at this level sufficiently long so that the free fiowing 
of the nver was incapable of drawing them away, and, having arriviad at this point, to restore the 
waters to their natural course in order not to expose the vsileys to an overaow that would be 
prejudicial. 

The first report, addressed to the Administration of Bridges and Highways, on the trials made 
by M. Th^nard, is dated in 1831 : it announced the good opinion formed of them by the inspector 
of the division. In 1839, for the purpose of verifying it, another comnussion, composed of 
Inspectors, general and divisional, of jSridges and Highways, was appointed by the Government. 
M. Th^nar^ having perfected with skill and success a happy idea of a provisicmal flood-gate, 
suggested to him by the divisional inspector, M. Mesnager, was able to render his system of 
Barrage more complete. On the 4th of July, 1841, the commission concluded their experiments 
and reported thereon. 

Up to this time M. Th^nard had onlv had occasion to apply his system to fixed existing 
barrages, raising the level of the water about 2 ft. 6 in. only. Oonfidix^ in the certain^ of his 
system, nowever. he obtained authority to make a ftirther trial, in which the retained Dody of 
water above the lower level was raised to a height of nearly 9 ft. 

Among the authors who may bo consulted are MM. Bresse, ' Oours de Mtenique Appligude ; * 
Ijesbros, * £xp6iences Hydrauliques sur les Lois de TEooulement de I'Eau ; ' Chanoine, * JiTotice 
sur les Barrages Mobiles;' Dubuat, 'Principes d'^draulique;' Chanoine and Lagren^ *M^oird 
sur les Barrages k Hausses Mobiles ; ' Mari ; Grae^ * Bapport sur la Foime et la Mode de Oon* 
struction du Barrage d'Enfer sur le Furens,' M^oires des Pouts et Ghauss^ No. 184, 4« MSrie; 
Gibba, * Cotton Cultivation, and the Barrage of Great Biveis,' crown 8vo^ 1862 ; Breton, 'Mtfmoira 
sur les Banages,' 4to^ 1867. 
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Tablb I.— GoETFioixim or Ezpkndituks. 

Narrow-edged rectangular orifices, 0'"*20 wide, and varying in height, discharging fireely into 

the open air. 
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Narrow-edged reotangnUr orifioesy 0"'20 in width, and yarjing in height, and oontinned 
ontwajrda by a rectangular, horisontal, and open channel, of the aame width as the orifice. 
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0*02 
003 
0-04 
0-06 
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50 
00 
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-496 
•510 
-522 
-539 
•563 
-591 
•607 
•615 
625 
-628 
•627 
-626 
-624 



















•557 
-577 
-592 
-611 
-628 
-637 
-636 
-635 
-635 
-635 
•634 
•634 
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•693 
•694 
•684 
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0-560 
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0-589 




0-30 


0-603 
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0-60 


0-623 
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0-630 
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0-633 
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0-632 
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543 
566 
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621 
637 
648 
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644 
639 



















•625 
•651 
•667 
-686 
-697 
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-696 
-694 
-690 
•685 
•679 
-674 
•670 
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Tablb in. 

Narrow-edged | discharging freely into the open air .. .^ (A) 

rectangular overfallB, < outwaicUy eztended bv means of an open horiscmtal chaimel 
0<"* 20 wide, ( of equal section with the orifice (B) 

The arrangements A and B may present the Yariations defined at 1, 2, and 8, Table L, and 3 
and 4, Table II., when the reotangiilar orifices are dosed at the top. 







CosFFXCxum or ExpBn>iTUBB 




Loads 


for overialla presenting the anrnngeoMnt A, 


for orerfiaUa pi>eaentlng the anaogemait B^ 


upon the 

Bill of the 

Overfall. 




with iU variation. 






witli its variation. 
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TaKL 


Tab. I. 


TabilL 


Tab.L 


TabuL 


TabLlL 


Tab. II. 




1 


2 


8 


4 


1 


2 


8 


4 


m. 
001 


0-424 


0-384 


0-492 


0-292 


• • 


• • 


0-395 


• • 





02 


0-417 


0-402 


0-473 


818 


0-196 


0-208 


0-388 


0-175 





•03 


0-412 


0-410 


0-459 


0-337 


0-284 


0-282 


0-878 


0-205 





04 


0-407 


0-411 


0-449 


0-852 


0-268 


0-251 


0-865 


0-231 





•05 


0-404 


0-411 


0-442 


0-362 


0-278 


0-268 


0-860 


0-260 





■06 


0-401 


0-410 


0-437 


0-370 


0-286 


0-281 


0-355 


0-276 





•07 


0-39a 


0-409 


0-435 


0-375 


0-292 


0-288 


0-852 


0-285 





08 


0-397 


0-409 


0-434 


0-379 


0-297 


0-294 


0-349 


0-291 





09 


0-396 


0-409 


0-434 


0-380 


0-301 


0-298 


0-347 


0-295 





10 


0-395 


0-408 


0-434 


0-382 


0*304 


0-302 


0-345 


0-299 





12 


0-394 


0-408 


0-434 


0-388 


0-309 


0-308 


0-343 


0-306 





14 


0-393 


0-408 


0-434 


0-383 


0-313 


0-312 


0-341 


0-311 





16 


0-393 


0-407 


0-433 


0*384 


0-316 


0-316 


0-340 


0-315 





18 


0-392 


0-406 


0-432 


0-883 


0-317 


0-819 


0-339 


0-319 





20 


0-300 


0-405 


0-432 


0-383 


0-819 


0-323 


0-338 


0-322 





22 


0-386 


0-405 


0-430 


0-382 


0-320 


0-325 


0-337 


0-325 


0- 


25 


0-379 


0-404 


0-428 


0-381 


0-321 


0-829 


0-336 


0-329 


0-30 


0-371 


0-403 


0-424 


0-378 


0-824 


0-382 


0-384 


0-332 



BAHREL. Fb., Tonneau; Geb., Feus; Ital., Bariie, Bariglione; Span., BarrU. 

A barrel is a round yessel or cask, of more length than breadth, and bulging in the middle, 
made of staves and headings, and bound with hoops. 

The term is also applied to a tube, or to any hollow cylinder, as the barrel of a ^n, the barrel 
of a pwrnpy and so on. 

B AUREL-GURB. Fr., MargeUe ; Geb., Senkrahmen ; Ital., Appoggio impiegato ntiUa cogtruzkne 
deipozxi; Span^ MctrdelU, 

A barrel-curb, or well-curb, is an open cylinder, about 8 ft. 6 in. or 4 ft. in length, formed of 
strips of wood nailed round horizontal nbs of elm, and used as a mould in well-sinking to keep 
the well cylindrical during the process of sinking. When the required depth has been attained, 
this cylinder is usually left in the bottom of the well, under the steming, brickwork being buUt up 
under the horizontal ribs. 

BARREL-DRAIN. Fb., Tranchfeen herceau; Geb., Tonnenfdrmiger AbzugsecmcU; Ital., Fogna 
cilindrica ; Span., Ahantarilla CiKndrica. 

A barrel-drain is a brick or stone drain of cylindrical fonn. 

BARRIER. Fb., Barriire; Geb., Barriere; Ital., Palizzata; Span., Barrera, 

In fortification a barrier is a kind of fence miade in a passage or retrenchment to stop an enemy. 
It is usually a palisade or stockade. 

BARROW. Fb., Brouette; Geb., Schvbkcuren; Ital., Oarriuola; Span., CarretiUa de mono, 

A barrow is a light, small carriage, borne or moved by hand. 

The body of the excavator's barrow, Figs. 574, 575, is spread wide open, and the aides are much 
iucliued ^ the centre of gravity of the load is therefore situated much lower, with respect to the 
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handles, than in the ordinary barrow, which renders it steadier and easier to wheel. The contents 
are discharged by inclining the barrow at an angle of 45°, and supporting it constantly on the 
wheel. The nave of the wheel is prolonged on each side, and serves as an axle, the penpheiy of 
which is about 1 in. in thickness and rounded on the edge. 
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BARS, GVABD. Fr^ Oarde-fcu; Gkb., Fetuter Vergitiemng ; Ital., Sbarra, 

Usually wxaoght-iron ran in front of windows, about | in. in diameter, if round, or f In. if squara, 

spaced about 5 in. ftP^rt, and fixed perpendicularly through horizontal rails of flat bar-iron, If in. 

wide bj^ I in. thick, Duilt into the jambs of the window : the ends of the ban at the bottom should 

be let mto the stone sill, and run with lead. 

BASCULE BBIDGEa Fb^ Font-lemss OkB., ZughrOdu; Ital., PonU UtaMo; Span., 

See Drawbkidoes. 

BASEMENT. Fn., SoivhatBemeiU ; Okb., Fwndammt, UnUre Theil; Ital., JkuametUo; Span., 
BajumenU^ Flanta baja. 

See BuiLDiNa. 

BASE-LINES. Fb., Ligne$ de bate; Qebl^ Grundlinie; Ital., Baae di Memgclanone ; Span., 
Bate trigonom^rica. 

See GxoDBST. 

BASE-PLATE. Fb., Plaque de fandathn; Gbb., Grundplattei Ital., Piattra di fondoMUme; 
Span., PUmcha de cinUetUo, 

The foundation-plate of heavy machinery, as of the steam-engine, is tenned the base-plate; 
the bed-pinte. 

BASIN. Fb., Sasein; Geb., Schiffadocke; Ital., Bacino; Span., Pantano^ digue. 

Any hollow place containing water, as a dock for ships, is called a basin. See Docks. 

BASKET-HANDLED AfiCH. Fb., Aro en anse de panier; Gkb., SUMogen; Ital., ilrco 
scemo ; Span., Arco eHptico, 

Any arch less than a semicircle on the same chord is called a basket-handled ardh, hence all 
semi-eiliptio arches are included in the term. 

BASTARD ASHLAR. Fb., Mo&lon giscmi; Gkb., Pldner; Ital., Pietra roesa. 

Bastard ashlar are stones intended for ashlar-work, which axe merely rough scabbled to the 
required size at the quarry ; or the face-stones of a rubble wall, which are selected, squared, and 
dressed, to resemble ashlar. 

BASTARD STUCCO. Fb., Stuo mSi^ de mastic; Gkb., KcdbnOrtel mit feinem Sonde vereetzt; 
Ital., Stueoo roxzo. 

The finishing coat in plastering when prepared for paint is termed bastard stuooo. It is com- 
posed of similar stuff to that used for trowellea stucco, with the addition of a small portion of hsir, 
out is aocoiDpanied with less labour, not being floated ; it is generally employed in three-coat work. 

BASTARD-TOOTHED FILE. Fb., Qroeae lime; Gkb., Betiossfeile ; Ital., Lima baetanh; 
Span., Lima. 

See Hand-tools. 

BASTION. Fb., Bastion; Gkb., Bastion^ BeUxoerk; Ital., BastUme; Sfak., Babtarte, 

See FoBTtncATiON. 

BAT. Fb., Morceau de hrique ; Gkb., ScMeferstein ; Ital., Pezxo di mattone; Span., Medio ladriUo, 

The half of a brick is usually termed a bat. Other portions are named aocowling to the size, 
as a quarter bat, three-quarter bat, and so on. 

BATEA. Fb., CuvetUpour laver Por; Gkb., WaschachUssd fUr Gold; Ital., Bacinettaper latfore 
Voro ; Span., Batea, 

A batca is a oonicalHBhaped dish, Fig. 57G, employed for washing gold and pnlyerized samples 
of gold quartz. 

From the general iiregularity of the produce of quartz in gold mines, it is impossible to ascer- 
tain the average yield of vein-stuff ¥rithout cruslunx and ezperimenting on large quantities; but 
the most usual method of judging approximately of the value of rock, is ^i^ 

to pulverize a small quanti^ and wash the resultmg powder in a batea or 
horn spoon. In selecting the rock for this purpose, it is evidently of the 
greatest importance that it should represent a £air average of the vein or 
streak from which it is taken, and consequently several hundred-weightB 
should be broken firom the whole area of the exposed surface, taking care 
that every part be represented by samples of nearly equal weights. The 
whole must now be broken by a hammer on an iron plate, into pieces of 
about the size of walnuts. The resulting heap is then carefully mixed, 
by turning over with a shovel, and subsequently cut thronch the middle. 

so as to leave a trench through its centre, extending to the floor on wnich it has been placed. 
The two sides aro afterwards carefully scraped down, and removed as a representative sample on 
which the yield of the vein is to be estimated. For the purpose of a rough approximation, this 
may be at once pulverized in a mortar or otherwise, and its contents judged of m accordance with 
the results obtained by washing. Where, however, greater accuracy is aimed at and the original 
heap contained a large quantity of broken rock, at least a hundred-weight should be scraped from 
the sides of the cutting, and this, after being further reduced to the size of peas, must again be 
cut through, and a sample of about 4 lbs. obtained, by the means employed m the first instance, 
as the final eample. This is pulverized in a mortar, anid the whole passed thnmgh a sieve of wire 
gauze, of forty holes to the lineal inch, after which it is ready for treatment, either by washing or 




ty. 

The most accurate results ard obtained by carefully washing a 4-lb. sample In the batea. 
Fig. 576, which is about 20 in. in diameter, and 2) in. in depth. 
BATH. Fb., Bain ; Gkb., Bad; Ital., Bagno; Span., BaHo. 
See Wasrhousbs and Baths. 

BATH-HETAL. Fb., Tombac; Gkb., TonAack; Ital., Lega di Bath; Span., 7\mibaga, 
Bath-metal is an alloy conaisting of 4) oz. zinc and 1 lb. copper. See Allots, 
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BATTEN. Fb^ Tolk;* ; Gn., Hiinna Bntt ; Ital., Tattia HreUa, LMillo ; Brun^ AtHBa. 

Batten is » term applied to oawn timbm nnder S in. in tliiakneai, when the width ia 7 in., to 
diBttognf ib it from othei widths, snob as d*aU and planii. 

The term batten ia alio applied to boanta in long lengtha of lew than 7 in. wide, thoo^ aeldfxn 
more thui 2 or 3 in. in widtb— the thinkniMB raiying tern } in. to 1} in., aocording to the purpose 
for which they are intended. 

BATTENING. Fb., Comimction en totigt ; Geb., Schalietrli ; Ital., CoOrutamt di laieHi. 

Narrow boarda or hattene fixed to wbUb, intended to be papered over canvaa or to receive the laths 
for plutering — also battens nailed on the rafters of a roof to rsoeive the slating — are called battening. 

WeJl-battans shoold be spaced aboat 12 in. apart, and are geneiallj 2} or 8 in. wide, and ) to 
1) in. thick. 

Slate-battens must be spaced to eorreepond with the gange of the slate. They Hhonld be &<nn 
2} to Bin, wide, and from | to 1} in. in thickness, accordmg to the strength requited. 

BAITER. FB., Talus ; Osa., Vtrjungung ; Itu.., Iitelinaiiont di muro Stmrpa ,- Bfah., Indinacioit, 
lahid. 

In l 
ratio of the d , , , 

Fig. 577, which means that for everv 10 ft. in 

Retaining walls are sometimes battered o 
I in fi : latterly, however, 1 in 10 has become more general, a« when the 
batter is great the joiots of the sloping wall hold the wet, whiob soon finds 
its waj into the work ; it is on this acconnt that most engmeera prefer walls 
with a vertical face, or at most with a very alight batter. 

BATTERY. Fb., Batterit galvaaigw ; Geb., QalvamiAe Battarii ; IlAL., 
Batteria Qidtxotica. 

When a series of Tolt^ elements, cells, eonplea, or pairs, are arranged 
In such a manner that the line of one element is in connection with the 
copper of another element ; the zino of this with the copper of a third, and 4! 
■a on ; snch an arrangement is termed a Galvanic or Voltaic Batterv. 

The earliest galvanio battery was oonstructed by Volta in 1800. It oonsuted of an insulated 
plate. Fig. 578, upon which was plao«d a series of disos of copper and of zme soldered together. 
Above the copper of the first disc was placed a diss of cloth d, aatoiated with aoidolated water ; 
upon the disc of cloth was then laid another metallio disc These discs were thos ^tenutelj laid 
one upon another, nntil a pile. Fig. 579, had been built up, care being taken to lay them the same 
way. To the ends of this pile were attaobed wires p and n, which, when eonneeted in any way, 
set in motion a current of electricity. 





The piles oonstmcted 

isted any length of time. ...... 

discs pressed the liquid bom the lower discs, wbieh became dry, and so lost their eondnotib)] 



Thii led Volta to inTent the Improved modiflcation shown in Fig. 5S1, wUoh he aJled the amnmiu 
di bout, at crown of cups. Insteeul of the damp cloth of the pile, ft nnmber of jara, ansnged m 
a circle, and filled with acidulated water, are employed. The jsra eammuDicata tnccesriTely 
one with the other b; meana of metallic arches formed of k plate of aiao soldered to a plate of 
copper ; the oopper of each arch being plnnged into the jar which precede! it, and the tam into 
the jar which followa iL The two jare which form the extremitiee of the series receive reepeo- 
tivelr a plate of dnc Z, and a plate of copper O, to each of which is futened a conductIiig-wii«. 
nie first iwrTesponda to the negatiTe pole and the second to the positive pate. 

To comprehend the principle of tlds batteir, we will suppose that two platea, cnt, one Z from B 
■heet of sine, and the other C ftom a sheet of oopper, Fig, 5B0, are placed, without contact with 
«aeh other, in a jar containing sightly acidulated water. To the upper edges of the plates let two 
pieces of wire be fastened. In thi« state the apparatus will onuifest no development of the 
electrie fluid ; but if the ends of the wires be brought into contact at H, an electric eutreni 
will be set in motion, passing throogb the wires from the point where the wire is fastened to the 
oopper C to the point where the other wire is soldered to the lino Z. The current will continue 
to flow so long as the ends of the viree are in ocmtaot, but the moment the ends are separated the 
ouneot ceases. 

It will be seen that the electric flnid is evolved bj the combination of three bodies — the dnc, the 
copper, and the acidulated solution in which they were immersed. The production of the enrront 
depends od the chemic&l action of the solution on the lino. That metal t>eing very susceptible of 
oxidation, deoompoees the water which is in contact with it. One oonstituent of the water com- 
bining with the lino ptoduces a compound called the oxide of linc, and this oxide entering again 
into combtnalioQ with the aiud which the water holds in solution, forms a aoluble salt. If the 
acid, for example, be sulphnrio acid, this salt will be the sulphate of the oxide of zinc ; and as fast 
as it is produced it will be dissolved in the water in which the plates were immersed. The copper 
not beiog as susceptible of chemical action as the zinc, remains comparatively unaffected by the 
solnticn ; but the hydrogen evolved in the deoompoeition of the water collects upon its suriaoe, 
after which it rises and eacapes in bubbles at the surface of the solution. 

It is to this chemical action apon the zinc that the production of the electric current is dne. 
If a similar action had taken place in the same degree on the copper, a similar and equally intense 
electric current would be produced in the opposite direction ; in that case the two currents would 
neutralize each other, and no electrio effect would ensue. From this it will be seen that the 
efficacy of the combination must be ascribed to the fact that one of the two metals immersed in 
the Botntian is more oxidizable than the other, and that the energy of the effect and the intensity 
of the current will be ao mnoh the greater a« the nuoeptibillty <x oxidation of one metal exceeds 
that of the other. 

It appears, therefbre, that the principle may be generaliied, and that electricity will be 
developed and a current produced by anv two metals similarly placed, which are oxidizable in 
different degrees. And, indeed, if two pieces of the same metal are differently acted upon, either 
by heat or chemically, a current of electricity will be produced on their being connected together. 

Zinc being one of the most oxiditable metals, and being also sufilcjently c£eap and plenti^ is 
generally used for voltaic combinationB. Silver, gold, and platinum are severally less susceptible 
of oxidation, and of chemical action generally, than oopper, and woold therefore answer voltaic pnr- 
poees better, but ore excluded by thalr greater east, and \if the faot that oopper is fonnd snffioient 
for all practical purpoeea. It isnotjhowever, abaolately necessary that the inoiidizable plate C of 
the combination should be a metal. It is only neoemtry that it be a good conductor of electricity. 

In certain voltaic combinations, charooal properly ioUdiSed haa uerefi>re been substituted for 
oopper, the solntion being such as would produce a strong chemical action on copper. Each ona- 
bination of two metals, or of one metal and oharooal, is called either a cell, a ooupl^ an element, 

Aseriea of jars, Fig. 582, when arranged in a dmilar manner to Tolta's oounmiu St (oom, that 
Is, the lino of one jar in oonneotion with the oopper of the next jar, the order being fine, acid, 
ccqiper, lino, acid, copper, and so on. is termed a rattery, and by its means the effeats prodnoed by 
a nngle element are capable of being greatly Incmwed. II, however, only one element is 
emptied, it is in itself a oatterj. 




The part of a batten tmm which the current is sappcsod to joooeed is called the positive pole, 

and tho part towards which the current flows, the native pole. Theae poles, shown at + and — , 
Fig. B82, are often termed electrodes, so that + would be the poeitive and — the u^ative electrode. 
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battery wm loventad by CmlokahMik, and txaaista of a rectangnlar water-tight trongh diTtded into 
cells by plates formed of zino and ooppcr addered together. The oella are filled with acidulated 
water or a eolntion of salt and water ; and two plates of copper, frnniahed with oonducting-wireB, 
are inunereed in the last oeU at eaoh end. It was with a battery of this kind, oomposed of 3000 
couples, Uiat at the commencement of the present (^ntmy Davy BDOoeeded in deoompcmng pataah 
and soda, and thus disooTored potassium and sodinm. llie trough battery is rather inoonTenient 
on BOMont of its weight, and also through the wood of the caw waipisg nndsr the actii») of the 

The aTTBngement Introdnoed by WoIlaEton is more oonTenient. An element of Wollaston's 
battery, l''ig. 584, la compcoed of a plate of lino Z, round which is bent a plate of copper C, aetoal 
contact being prevented by placing small pieces of wood or oork between the plates. When the 
element ifl tobe put in operation, it is immersed in a vase oontaining aoidnlated water ; the negative 
pole then eBtablisbe* itself at the wire oonneoted with the zinc, and the positive pole at the wira 
listened to the copper. To unite several elementa into a battery, it is neoessary to connect the 
copper of ecush element with the Etno of the following. The elements thus conneoted can then ba 
mounted on a stand. Fig. 58fi, and, when the battery U to bo operated, plnnged sepaietaly into 
Taees containbig the existing liqoia. Tho ueoeaaity of a rase for each of the el e man t a of Wol- 
laston'a battery rendsfa it cnmberscme. 




■ingle mtem, whioh is fixed in a wooden ftama, and, when required for use, immeised ii 
troi^h filled with acidolated water. 

Batteries compoaed of a number of elements, as Monoke's battery, are espeeiaUy applicable 
whentheearrentenconntersinitspolaroircnit any gKat resistance. When this resistance u weak, 
It is preferable to have the advantage of increasing the area of the surftLce of the elements rather 
than their number. This ctmdition is realized by Dr. Hare's cylindrical battery, Fig. 587, which 
consists of a large sheet of zino and one of copper, soldered together at one end. The ^eets are 
rolled, without touching each other, ronnd a cylinder of wood, and each is attached to metallic 
condocting-wireB; the negative wire is that in connection with the lino, and the positive wire that 
fitftened to the copper. 

When the apparatus is to be used, it is plimged into a tnb containing acidulated water. When 
several of these elements are united in a battery, an apparatus is obtained, of wbioh the calorio 
power is so great as to have obtained for it the name of a calorimotor. 

The batteries we have described present practically several serioaa inoonvanienooa. The water 
being decomposed by the line, liberates hydroj^n, wtuoh, charged with add particles, Is released 
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fnto the air, Tendering in a veiy abort time the snntranding atmncphere ineapimble. Betides thli, 
the liberated hydrogen adherea aa a fllin on the euittrs of the coppai, prfBentiug a fftait resist- 
aoce to the onrrent, and Moaiblydiminiahing iu iotenaily. Lartly, this film bin s variable tbiok- 
nesH, from which reaulta a perpetual voriation in the inteuaity of the onrrent ilaelf. Tbera 
incanvenienceo, howsTer, disappear in t, greater or leu degree in bsitteriea opented by tvo 
liquidg. 

i>r»ii«/riitaH«ry.— An element of Danieli'a battery, Fig. a8B,aoiuiBtBoranonter jar ocnitainiiig 
acidnlated water in which ii immersed a cylinder of jinc Z, in the interior of whioh ig placed a 
porona earthenware pot, filled with a Balntion oT ralphate of oiniper which anrroanda a cyhnder of 
copper C. The oondncting-wire attached to the lino, Fig. 588, oorreaponda to the nwatiTe pola 
of tne element. 

It ia eaaily Men that in thia arrangement the film of hydrogen which acta ao ditBdrantageonalT 
in ordinary faatteriee, no longer eiirta; and tlie metal, [oUowing the same direction as pontive eleo- 
trioity, depoaita itaelf lyon the copper cylinder. Tiie diaengagement of the hydn^en is replaced 
by a decomposition of the copper, which does not change the physical condition of the system. The 
action of tliis battery ia veiy regular, it lasts a long time without renewal, and the surrounding 
■tmoQihere la not aenaibly allected by ita fumea. 



xn^-> -^ 





M whiohfary the intensity of the onrrent in this liattery ia the change In tha 
natnre of the liqnids, the acidulated water becoming charged more and more with aulphate of 
sine; and the decomposition of the anlpliate of oopper. Experience has shown that the first 
' « does not affect the inteusitT of the current in any sensible depee. To remedy the 

hta«kVrt4{An >a 4Ka Dn1nlt*4D J AnnnA* in rloAntnhAAAjl A^^gh pOrtlOQS Of thst Salt aTO 

tile upper port <^ the copper 

Bulphurio acid, in which ia 

' '~ poured nilrio aoid at 4(P, 

taken from the retorta of 



•econd, in proportion as the 
added ; and for this purpose 
oyUnder, which is kept Blled 

Smuen't Botttiy oontists of a vaae. Big. 089, containing dilute aul] 
placed a plate of sfna Z a« in DaDiell'a batterr ; ont in the porous pot ia 
and, instead of the ooj^mt, apriiind'ohaniaal,made bom the lenduum 
gas-worka, 1* used. 

To form a Intterj, Eig. 990, the carbon of one element is united with the 
element, by means of olamp«^ Uie potitive pole evidently correaponding to the 
negative pole to the last ~'~ ~ 




In Bumen'a battery, the hydrogen liberated by the deoompoaition of the water deoompoaea fa 
its turn the nitrio acid in which the carbcoi ia immersed ; the result la that hjponitrie aoid ii 
fimied, whioh giadatil j diMolna, and aerei ihowi IImU In the tana ot babliles. 
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Bniuen'g battery li only ft uodiflofttion of a batlery pre vioualy invented byOrore, in wbioh th« 
place of the carbon «u occupied by s plate of platinvim ; but tbe high prioe of this metaj oalued 
the UBS of Qiove'e battery to be very limited. Several inventor)) bad thought of teplaciiig tbe 

eatiunni plate by eharooal : and a few batteriea of thia description were in nse at the time 
omen's arrangemeat waa introdooed. 
It Bhould be noticed that a great inDonvenience attends all batteries in which mtric acid ii 
•employed, owing to the diffusion of nitnnu vaponr which vitiates the lunouadiug air. 

when a battery ia in action, the work produced at the poles corresponds to tbe oxidation or 
oonnimptioii of the xino, in a similur mannar to the caloric engine, where the work performed is in 
proportion to the amount (rf ooal ouununed. If ordinary zinc is used, in batteries furnished vrith 
acididated water, the zino is alwayafoiud attacked, whether the battery is in operation or not ; bat 
thit does not oocdt if chemically pore fine ia lued. However, there ia no oooaaion to nae pure sine 
If Mudgainated nno, which is easily made, is employed. 

Tbe amalgamation of the dno is beat effected by dipping it in dilute sulphuric acid, and then 
mbbing it over with meninry, or by immersing it in a solution of a salt of meroory, and afterward* 
mbbing it briskly, when the amalgamation will be complete. 

There have been numerous batteries contrived, which ws do not notice, as their devcription 
would be of no interest. We only mention the Bichromate of Potash battery, which is frequently 
made nse of in the current for the purpose of exciting vsrious electrical machines. The element 
oonaists of a spheri(»l-ebaped bottle, with a broad ne^ oontaining a solution of A bichromate of 
potash, added to an equal quantity of sulphurio acid. Into the liquid is plunged a double plate 



of 



I, Fig. I 



positive pole. When it is desired ti 

BO as to prevent its contact with tbe liquid. 

The work produced by chemical action is not the only means of obtaining a g«lTan»«leetria 
current ; the same result may be anived at by the action of heat. This development of electricity 
by heat was djsoovered by Seebeck, of Berlin, in 1S2I, and ia called Ihentw-tUctncil;/. 

To make a thermo-electric 
couple, a plate of copper, Fig. S92, 
is bent round and soldered at its 
two ends to a cylinder of bismuth ; 
we have thus a sort of rectangulai 
dgure, three sides of which ere 
made by the plate of copper, and 
the fourth by ths bismutli cylinder. 
Tbe apparatus most be arranged 
in such a maaner that the long 
aides of the rectangle are nearly 
in the magnetic meridian ; and in 
the interior of the apparatus is 
placed a magnetic needle. If one 
of the compound comers of the 
circuit, where the two metals a: 
Joined, is heated with a spirit- 
lamp, Fig. 592, the needle is de- 
flected ; this denotes the production 
of an electrio current which Is di- 
rected in the copper plate from the 
warm oomer to the cold comer. If, tnatead of heating the oomer, it had been reMgeiated with 
ice, it would alio bave produced a current, but in an opposite direction. 

Although this eiperiment is especially sensible with bismuth and antimony, it will aneceed 
with any of the metals. It is also not absolutely necessary to heat the point in the circuit where 
the two metals join, since if an elevation of temperature takes place at any point where a perfect 
aimilarity of structure does not exist, a current immediately manifeata iteolF. Thia important fact 




ir if a portion of the wire ia coiled into a spiral, Fig. 593, and treated 

Id metals which are, aiinilar to bimDoth, not bomogeneona, it ia very ooounon to obaerra 
thermo-electric currents. 

It should be noticed that to a difference in atrocture, and to no other circumstance, aa, for 
example, a cliange of dimensions, is this phenomenon attributed. When the molecular oonatruc- 
tioa IB the same on both sides of the heated point, there will be no current manifested. The two 
following experiment* made by M. Hagnus are decisive on thia head. He reduced a copper 
cylinder in the middle nntil it was only the thickness of a fine wire ; on heating the metal at the 

8 lace where the audden change in its diameter occurred, he did not observe any onrrent, although 
lere must have been a difference in the diffusion of the electricity f^rom one aide to tbe other of 

For his second experiment, Magnos took two tubes, A B and C D, Fig. SM, and fiUed them 
with meroory : the extremities A and D being connected with the wires of a galvanometer. Tbe 
mercury contained in C was heated, and the eitremi^ of the tube B plunged into it. In this ease 
also no ourreut was obaerved. Yet if a difference of structure is neceiHuy to produce a current. 
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fhifl differenoe may be rerj iosigniflcant. 80 that if the extremities of the two platinmu wine 
were bent into hooka, and one of them after being heated laid upon the other, no effect would be 
produced, because the action of heat upon the platinum could not make it «^ndorgo any modiflca- 
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tion. But if the eneriment is repeated with copper wires, a current will occur, the action of heat 
having quidkly produced a film of oxide which hsts modified the constitution of the metal. 

It follows from this that the action of heat has the effect of exciting in Tarious bodies, and 
particularly in metals, the moyement of fluids which chaiacterize the electric current. If in a 
nomogeneous conductor no effect is observed, it is because the two cunents produced on each side 
of the heated point aro equal and in contrary directions; but a difference of structure modifies the 
intensity of one of the currents, and the galvanometer shows the resultant produced from the two 
effects. 

When the soldered joint of two different metals is operated upon, the direction of the current 
depends upon the nature of tiie metals associated, and it is impossible to give any precise rule 
upon this point. In the following list, the result of experiments made by BBcquerel, the current 
traverses the heated joint, prooeedin^ in consecutive order through the metals: — bismuth, 
platinum, lead, tin, copper, silver, zinc, iron, antimony. 

The intensity of thermo-electric currents also depends upon the nature of the metals joined 
together; and each of these associations has an electromotive force peculiar to itself whidi has 
been called ihermo-electnc power. 

For the purpose of comparing these thermo- ^\ 
electric powers, Beoquerel made use of a chain, 
A, B, G, D, E, F, G, Fig. 595, formed of several 
metals soldered succesrivelv one wpoa the end of the 
other. The ends of the chain being attached to a 
galvanometer, one of the joints was heated at a fixed 
temperature, 40° for instance, whilst the other joints 
were kept at zero. 

The otirrent produced having in each case to 
tmverse a cirole of equal resistance, its intensity may be considered as the proportional measure of 
the thermo-electric power of the joint, at least, ftom the temperature from which we operate. 

It was in this' manner that Beoquerel obtained the following Table : — 
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Iron— Platinum 86-07 

Iron— Tin 81-24 

Iron— Copper 27-96 

Lxm— €Uver 26*20 



Copper — Platinum 8*55 

Coppei^Tin 8*50 

Copper— Silver 200 

Zino— Copper 1*00 



In these experiments Beoquerel has proved the following fact, which is of real importance. 

Supposing a joint of iron and copper to be heated, we shall have a current of a certain inten- 
sity ; if between the iron and copper a piece of metal is interposed, or a chain of several metals of 
wmch we heat the two end jointa, we shall have exactly the same results. ThiB is a proof that 
the current is really due to the dUTerenoe in the propagation of heat in the metals, and not, for 
instance, to contact. 

The intensity of the current produced by a thermo-electric couple depends on the difference 
of temperature of two combined ioints; and, within certain limits which are variable, as well as 
according to the metals employed, it is sensibly proportional ; but after a certain time the increase 
in the intensit^r of the current ahfttee very considerably. Thus for a couple of iron and copper it 
is scarcely sensible at SOO' ; beyond thii the intensity of the current diminishes, becomes nulf, and 
ends by changing its direction. It should be noticed that the difference of temperature is not the 
only iimuence on this phenomenon — the absolute temperature must also be taken into account. 
Thus the current has not the same intensity, one ci the joints being aero and the other 20°, as if 
the temperatures had been at 100^ and 120°. 

By joining together a number of thermoelectric couples and heating simultaneously the equal 
joints, we obtain a Thermo-electric battery. Fig. 596 represents an appaimtus of this kind invented 
y Pouillet. It is composed of 
cylinders of bismuth bent at their 
extremities, and connected one 
with the other by means of plates 
of copper, also bent and soldered 
to the bismuth. If we plunge 
every second joint into any cold 
bodv— ^melting ice, for instance — 
whilst the remaining joints are 
heated at a fixed temperature, the battery produces a current which can be oolleoted on a eonduct- 
ing-wire as in an ordinary batteiT. 

Viewed as agents for the production of the electric current, thermo-electric batteries have not 
as yet given very useful resultf as thermo-electric currents weaJken rapidly, in oirouits where there 
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is litUe resifltanoe, thxoagli the oondootf bllity of the mediums in which they are generated. Thus 
120 oouplee at least of iron and platinum are neoeawry to produce an appreciable decompositioa 

of water. 

Edmond Becquerel has recently introduoed, howeyer, a thermoelectric couple of exceptional 
power : it is formed by connecting a plate of G(erman silyer N, Fig. 597, and aztificial sulphate of 
copper M, the positiTe pole coiresponding to the sulphate of copper* 
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Fig. 598 E^owB a battery oonstnioted upon this plan. The temperature of the joints is raised 
by means of common gas; and with thirty or forty elements it is capable of sensibly decomposing 
water, of maintaining an electro-magnet with a long coil, and of working a telegraphic apparatus. 

Until lately, thermo-electric currents haye only been made use of to measure temperatures 
under special conditions. The thennoelectric tongs inyented by Peltier are, however, useful for 
indicating the temperature of any limited space. They consist of two thermo-electric couples, 
Fig. 599, of bismuth and of antimony, a 6 and c/ V; the bismuth of one element being nnitea by 
a wire to the antimony of the other, and the drole completed 
by a galvanometer. It results from this arrangement that if 
the space comprised between the two joints c and & becomes 
at all warm, a current from the bismuth to the antimony will 
be produced in the two couples. These two currents act, 
besides, upon the magnet in the same direction ; and as the 
bulk of uie instrument is small, and its caloxifio capacity 
feeble, its sensibility is very great. 

It is with a species of very fine thermo-electric plummet 
that physicists are able, in certain cases, to penetrate without 
injury those oreans which they wish to lukve access to in 
Older to study the temperature of organized beings, as to the 
variations experienced under particular circumstances. 

We conclude by mentioning the apparatus employed by 
Becquerel to measure the temperature of the air. it consists of two thermo-electric tongs, one 
being placed out of doors and the other in the laboratory. A galvanometer placed in the circuit 
indicates zero when the two tongs are at the same temperatiue. It is sufficient then, when the 
needle is deflected, to heat or refrigerate the second tongs in such a manner as to bring it back to 
zero, to tell the temperature of the air. See Bobino and Blasting. Telborafht. 

BATTEBT, bmflotxd to obush aubifibous bock. Fb., Moulin a pUon ; Gkb., StampfmuhU. 

The stamping null or battery conslBts of a series of heavy pestles working in a rectangular 
mortar, each of which is alternately lifted by means of a cam, and subsequently let fall with its 
full weight upon the ore to be operated on, and of which, after being previously reduced to frag- 
ments of proper dimensions, a constant supply is introduced into the mortar, or battery-box. 

When quartz-mining was first practimd in California, the lifters or stems of the pestles 
employed were made of wood, furnished with cast-iron heads, attached by means of a wrought-iron 
shank driven into the lifter, and secured by two strong rectangular bands of flat iron. In most 
mining districts in which these wooden stems are used, the lifting of the pestle is effected by a 
large vrooden or east-iron drum, around the periphery of which cams are arranged in a spiral 
fonn, which, coming in contact with tongues, or tappets, flxed in the lifters, thev are raised to a 
certain height, and, being suddenly released by the continuous motion of the axle, fall with their 
whole weight on whatever may happen to be beneath them. In Oalifomia, however, another 
arrangement is employed for imparting motion to the pestles or stampers of a battery with wooden 
stems. Instead of a large cylindrical axle, a wrought-iron shaft is made use of, and on this are 
keyed a series of long curvea cams, which enter mortice or slot holes, in the several stems, and 
cause them to be alternately lifted and released, precisely as in the case of the ordinary stamping- 
mill, provided with tappets and a drum-axle. When wooden stems pae made use of, they are 
usually about six inches square, and cut out of ash, or some other hard wood, having a straight 
pain. These wooden stems with square heads have, however, been almost universally superseded 
By the rotary stamp, with a round stem of iron, to which a dicular motion is given by the friction of 
the cam in lifting, and which, being continued up to the moment of its release, is prolonged during 
its descent, thus imparting a grinding action to the cylindrioal head at the moment of ita coming 
in contact with the rock to be broken. 
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The lotarj rtamp fa ikid to be more efftaiont th«ii the reetan^lor one, and to gttai a Ingei 
qnuitit J of rook in a Kiven time ; but hotrever thig may be, it ia certain tixat tbe faces of the fae&di 
vear more btbiJt, EUid that a rotating batter; requires Ion frequent repairs, than one made on the 
old prinoiplB. The b>tter;-bai ii generally oomjioeed of one mlid casliog, and asualW receiTea 
cither four or flxe atsmpeiB ; when additional reducing power u reqnired, other aiinilar toie« *i6 
placed on the aame line. In most instances snch battoriea are arranged in (eta of five atampera in 
each mortar, two of which are placed aids b; side in the eame fmming, ten atamper* beins thna 
set in motion by one ahaft. Two flve-etamp batteriea, of a constrnotion frequsntl; empoyed, 
are represented, Fig. 600 being a back elevatioii, and Fig. 601 a tianateiw section ; the iron 
rods A are the stamp atems, B the ahaft, 
and C the cams. TliiB shaft ia provided 
at one end with a lane pulley D, which ia 
generally oonstroctad of either kiln-dried 
wood on arms, inserted In a cast-iron boss, 
and then turned off in place, or ia built 
aolid of well-aeoaoned planks on a bored 
boss, and, aa in the other CB«e, tamed, 
after being keyed to the shaft. When 
seventl of theee batteries are arranged in 
one honae, the motive power U oomraoni- 
cated, by means of a broad belt, to the 
intenneiuale shaft B', which is fitted with 
pnileya corre«poDding to those on the 
■bafts B, with which they are eevetallT 
connected by belta. These belts, which 
we mannfactnied ont of a oombinatioD of 
oanvas and india-rubber, are, from the fint 
motion to the intermediate shjaft, sometimes 
aa mnoh as 2 ft. in width. The belts hotn 
the aeoond motion to the shaEt on which 
the cams are keyed, are made of a thinner 
material, and are from 1 ft. to 14 in. wide. 
The lift of the atampera varies frou 9 to 
12 in., but 10 in. may be considered as 
about the average; and their weight. In- 
olnding the iron atem, varies from 5S0 to 
BOO lbs. The order in which the aeveral 
■tampen, indoded in one box, atrike their 
blowa, in a Ave -stamp battery, ia not 
alwa^ the same in all establishments, ivi 
In most inatanoea the first blow is atrack 
by the central stamp. This is followed by 
the outside one to the right, then by the 
second to the left, afterwards by the second 
to the right, and finally by the stamper on 
the extreme left of the aerioa. The num- 
ber of blows struck by each atamper is 
from sixty to eighty per minute. The firat 
portion of the stamper a is sometimes caat 
'- '- "-- -' — "—it more freqnently it ia 
to, and has a round 

., _ is inserted the spill of _. . . . , , , 

wedge*, which expand on coming in contact with water, and hold it securely In its place. The 
battery-box is either of iron, cast in one pieoe, or its bottom alone may be of cast iron, and ita 
aidea of wood ; in which caae the lower portion of it, together with the inside of the feed-hopper, 
most be lined with sheet iron, } in. in thickneaa, fastened by Jth bolts. Immediately nnder each 
of the atampera ia placed a short cylinder of coat iron a", which is retained in ita position, either 
by fitting into a circolar bedding, in which it may be keyed by wooden wedgea, or it is proiided 
with a aqnare flange, which, coming iu contact with those of the other dies and the aidea of the 
box, act aa distance-pieces, by which it ia kept In its proper position. These, and the ahoea of the 
■tampers, are, when won ont, readily replaced by new, a conaidemble economy of time and money 
being the reatUt; the parts worn ont are merely ooarae caatingaof chilled iron, without any kind 
of fitting. The hole x is for the puj-poae of forcing in a drift above the spill of the aboe, and thus 
removing It when a new one ia reqmred, whilst the hole z* ia employed in the same way for 
getting olT the bos* from the stem. In Qraas Valley, and some of the other more important 
mining districts, the boxes "E are, almost withont exoeptiou, composed of single iron castings ; but 
in localitie* where amalgamation ia conducted in the battery itself, the sides and ends are aome- 
(imeaof wood, the bed alone being made of iron ; and when this mcthod.of construction is adopted, 
two platea of amalgamated copper, |th of an inch in thickness, are often bolted at A on either aide 
of the row of atampera. The rock to be cniahed is introdnced by a shovel at c, and a plate of per- 
forated sheet iron, faataned either In a wooden frame, or retained in ita place between the two 
rectangular iron twids, tightened by cotter*, ia introduoed before the opening d. The battery- 
bed, whether entirely of iron, ot ooniiating oidy of an iron bottom, with lined wooden aide*, 
ia firmly bolted to a block of wood, at least 2 ft. aquare, and of which the dimensions, when very 
heavy stampers are employed, are even much grratcr. This either forma, aa in the drawing, 
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a portion of the general framing of the anangement, or is now more frequently, to prevent jarrini; 
made quite independent of it. It ia, however, easential that this portion of the stnictnre slioald hi 
well bedded on a solid foundation, and, if possible^ rest directly on the bed rock. Oocadonally 
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Seference.—Af Stamp liftera or stems, tu Stamp-hesds. a', Stamp-shoes, a^' Stamp- 
dies. By Cam-shaft. B', Second-motion shaft. 6, Amalgamated copper plates. (7, Cams, 
c, Feed-hopper. i>, Driving-palley. d; Grating. .« £*, Battery boxes or coffers. 0,/, Water- 
pipes. 0, Blanket4)oard. g, Bosbm by i^chttampen are lifted. A, Props for stampers. 
X, x\ Drift-holes. 

quartz is onuhed dry, but much more frequently water is admitted, and for this purpose a gas- 
pipe e affords the necessary supply, which enters the boxes through the branch pipes /, fitted with 
cocks for regulating the quantity introduced. The studs g, against which the cams come in 
contact, and by which the stampers are raised, are fitted on the iron stems by means of keys, 
which admit of their positions being readily shifted, when rendered necessary by the wearing of 
the shoes. 

The props h shown in one of the batteries, but omitted in the other to avoid complication, are 
used for keeping up the stampers, either when the battery-box is being cleaned, or when a portion 
of the machinery is thrown out of action for the purpose of repair ; to do this they are successively 
pushed forward, so as to catch beneath the several bosses <7, when lifted by the cams to their full 
height. When not so employed, the props are allowed to fe^ back out of the way of the stems, as 
shown in the sectional drawing. The size of the apertures in the gratings or sieves at d, differ in 
accordance with the fineness of the gold contained in the rock treeited, and is also, to a certain 
extent, varied in conformity with the particular views of the superintendent of the mill on that 
subject ; but it is evident that with veir small apertures the amount of quartz crushed, all other 
conditions being equal, will be less considerable than when a coarse screen is employed. The size 
of grating commonly made use of in some of the best mills in the Grass Valley district is shown. 
Fig. 602, which is known as No. 8. 

In order to combine strengtii with the largest possible open surface, the apertures are some- 
times made of an oblong form, and arranged as in Fig. 603. 

In some establishments these gratings are fixed perpendicularly, as seen in Figs. 600, 601 ; but 
more generally they are slightly inclined outward, and this arrangement is evidently att^ded 
with certain advantages. When the grating is placed perpendicmarly, a particle of quartz or 
other pulverized matter, splashed against the screen by the fall of the stampers, can only pass 
througn it in case of being projected directly through one of the openings; and should it strike 
against a portion of the solid plate between the holes, will run down with the water on the inside^ 



sod again tettle in the tnttaiy-iMZ.' .If, on the oontnr;, the giBtiiig be plued at » ooiuddBmble 
inclinatioQ outwud, a particle of palTBiized rock, wtuch has not been projected immediatoly 
through the grate, may, on running back mth the water orer its inner Bnriace, pan throngh one 



«f the apertnroa and eaoape into the trough on the oataide of the battery. 





, and with this new the gTat»«nrfaoe ii in the Cslifomian milli attended aa mooh aa 
poeaible, being gBneiallT made of nearly the fnll length of the battery-box. With a riew of mp- 
porting the grating, and protecting it against injur; from the impact of the water daohed against 
tt by the falling etampers, the aheet-iroii plate ie externally itrengthetMd by the application 
.».-n^ ;t „f .«.,„ thin iron ban. 

h caat-iion mortar ia made use of, which i» now generally the caae, it has the 
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In eome eaeee, instead of employing a double cam, m seen in Fig. 601, a tingle one i> made nee 
of. Tide has generally the form shown. Fig. 606, and poaeeeeee the adTantBge of allowing the 
tkile to be placed nearer the stamp stem than it can with any other cam, and alto that by its use 
ft greater number of blows can be itmok per minnte without danger of breakage. 

The auriforooi mateiiBl hafing been redooed to the state of a finely-divided powder, it beeomea 
neoeasary to provide metini for the ooneenbation and separation of the gold, which is more or leia 
perfectly effucted by an almoat infinite number of different omtrivaneea, varying slightly in their 
details in almoat every eetabliidiment that may be visited. However much the prooeesos employed 
may differ in this respeot, only two decidedly distinct systems are now practically in uao in Cali- 
fomiK, niunely, sjnalgamation in the battery, end crushing without the use of meroury, amalgama- 
tion being subeequentty effected by meane of applianoee speaially designed for that purpoee. 

AmU.iamalion in thi Battery. — When this method is adopted, the batteries are often provided 
with amalgamated ooppm' plates b. Fig. 601, about 5 in. in width, extending the whole length of 
the box: one on the f^ side and the other at the disoharge, the latter being protected by the 
sheet-iron lining <d the feed-hopper, and eaoh having an inoliuation of fr — '- "" ' '' 



a M^ to 45° toward* 

When these are not employed, spacea for the aocumnlation of amalgam are allowed between the 
dies and the sides of the box, and vertical iron bars ara placed inside the gratings, between which 
the hard amalnm is found to collect. The copper plates ere covered with meroury, by means 
of • rag dipped in dUute nitric acid, with which quicksilfer is rubbed over tho surfaoes to be 
ooated, in the aune vray as on those used inordinary sluioe*. Qniokeilver is also sprinkled into the 
boxes, by the feeder, at intervahi of about an hour, and in quantities varying with the riohnew of 
tha rook operated on. One ounce of gold roquiree for iti collection about an ounce of meroury ; 
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but when the gold is in a finely-divided state, the addition of another quarter of an ounce of this 
metal is thought advantageous. The proper proportion la, however, readily asoertained by closely 
watching the discharge. If any particles of amalgam which may pass through be hard and dry, a 
little more quicksilver must be mtroduced ; but if^ on the contrary, they be soft and pasty^ or 
globules of mercury make their appearance, the supply in the battery must be diminiahea. 

When the proportion of mercury has been properly adjusted, the amalgamation of the gold is 
very completely effected, except in cases in which we ores contain lar^e quantities of lead or 
antimony, and have been previously burned for the purpose of expellmg their more volatile 
constituents, by which treatment the particles of gold often become coated in sudi a way as to 
interfere with their combination with mercuiy. When the proper proportion of quicksilver has 
been regularlv introduced, and the rock contains coarse gold, from 60 to 80 per cent, of the gold 
saved is caught in the battery ; but when, as in the case of some of the ores of Nevada, the gold 
is in a very finely-divided state, and is associated with ores of silver and other sulphides, the 
results obtained are less satisfactory. The alloy resulting from the treatment of such ores con- 
tains silver, and in some cases affords from 300 to 400 thousandths only of gold, often pro> 
ducing a spongy amalgam of a dark colour, made up of an aggregation of numerous finely-divided 
particles. K^ltel is of opinion that this effect is partially due to the presence of manganese, but 
it appears difficult to understand how this substaoice should influence, to any important extent, 
the combination of fpold and mercury. This amalfam is exceedingly light, and ia, therefore, 
difficult to collect, either by riffles, copper plates^ blaiiketBy or any ^ the other applianoes com- 
mo^ employed for the purpose. 

When, therefore, ores contain much lead or antimony, amalgamation in the battery is not to be 
recommended, since this spongy amalgam is more difficult to retain than the most flndv-divided 

gold, and a large proportion of it floats off over the blankets, riffles, or copper plates, which may 
e arranged for the purpose of arresting its progress* There is, besides, no evidence that battery 
amalgamation possesses, under any ciroumstanoes, a decided advantage — ^for gold ores not associated 
with sulphide of silver— over stamping without the use of mercury, and in some of the most produo- 
tive gold districts it is seldom resorted to. 

In order to collect the particles of gold and amalgam escaping from the battery-box, variona 
ingenious contrivances aro employed; but as these arrangements differ but little in their details, 
whether meroury be employea in the battezr, or the amalgamation entirely effected after the 
escape of the pulverized material through the screens, we will proceed to describe the system 
generally in use in the northern quartz mines, in which the various arrangements are of the moat 
improvea description. 

This article, with some slight alterations being made, is taken inm J. A. Phillips' excellent 
work, ' The M ining and Metallurgy of Gold and Silver.' 

BATTERY, Ship's. Fb., Battaie floUatUe ; Geb., Sckmammde Batterie ; Ital., Batteria gaUeQ- 
giante; Span., Bateria. 

Any place where cannon or mortars are mounted, for attacking an enemy or for battering a 
fortification, is termed a battery. This term also signifies a body of cannon for use, taken col- 
lectively ; as, to discharge the whole battery at once ; a ship's battery. 

Gannon were introduced on board ships soon after these weapons came into general use, and 
they were at first applied on the non-recoil system in wooden immovable carriages ; but as the 
size increased, it was found indispensable to allow of, but to absorb, the recoil, and to provide 
means of traudng or pointing the gun irrespective of the movements of the ship. Thus the 
trunnions of the gon for elevation and depression when the level was changed by the *' heel" or 
inclination of the ship, the '* trucks" or wheels on which the carriage and gun moved backwards 
when fired or were run ^ up " or ^ out " when loaded after firing, became necessary- fittings. Then 
there was added, still further to meet more onerous oonditions, ** breechin " ropes to limit the recoil, 
and tackles to run the gun out. The battery was that part of the ship where the heaviest artillery 
was carried; smaller pieces were distributed about the poop and forecastle: and the ship was 
divided into two Bttang sections, called dose quarters, forward and aft, where, in the event of 
boarding being suocessrul, the crew could retire and fight, as in a castle or tower, although the 
enemy occupied f ullv the midship deck. 

Modem science has recognized two broad divisions of the battery— broadside and turreted 
guns. In the turret system a few jnms of great power aro carried in the centre line of the diip, 
and are so fitted as to command a fire all round, where there are, as in a raft, no impediments from 
masts, ropes, or sails, and not much lateral mo^on, as pitching or rolling. 

Gowper Goles, in Europe, and J. Ericsson, in America, aro the chief exponents of this system. 
Thero Ib a subdivision of turrots into fixed and rovolving. The fixed turrot apwoaches nearly to 
the box-battery ; the rovolving turret approaches most to the single pivot-gun. Examples of each 
aro given. See Obdnanob. With a given tonnage, more guns of equal power can be carried on the 
broadside than on the turrot system, since that necessitates two separate armours — ^the one for the 
gun, the other for the ship ; and it ib not a sufficient answer that less of the ship's side has to be 
armoured, and theroforo less weight need be carried; since, if the same number of guns only are 
insLBted on, no more armour is necessary in the one case than the other. In the latest development 
of the two principles, from twelve to sixteen guns of equal weight and power can be carried in the 
broadside-ship, as against fbur to six in the turret, on tne same tonnage and at the same expense. 
Added to this, there is the fact that no turret-ship has yet been devised that was equal as a 
habitation for seamen, and therefbre, in seaworthy qualities, to the broadside-ahips. For coast 
and river defence the turret ships or rafts are eminently useful ; for keeping the sea in aU weathers 
theyare utterly inefficient. 

The forms of carriage for the batteries of ships have undergone a considerable change within a 
few years, mainly consequent on the introduction of much heavier pieces of ordnance up to 20 tons, 
where previously 5-ton guns were the exception, and the fact that armour outsida the ship renden 



It potdbls to kppiT more Mmplfoated Knd delicate meehftoitm wltHoiit tha fear of tuving It too 
maoh exposed to the effects of shot and ahell. 

Bimple u the ioveatioii of a suitable gnn-OKniage for hsATT naval ordnaaoe may ap^mu, yet, 
in attBiDpting thig appareatl; easy task, before B. A. Soott isooeeded in aoaompUatiing it, many 
iugeuioas Inventois failed. Captain Boitt found that it waa of mnch importance to keep heavy 
goos as oloae down to the deck as poeaible, to give more effect to bit eomprenors, and not, as Scott 
and othen rappoae, that the ahook is greatly diminished by the deck by haTine the gun so plaoed. 
The principles upon which the ccmpressora are constmcted, and thoee by whiidi they are operated, 
were first Dionght into practical operation by J. Ericsaon <*ee Gim-CABBuaB). However, at 
present it is only neoewary for oa to show the valae of Soott'a gun-carriage in the fonnatiou of a 
ship's battery. 

Fie. 607 is an eloTation, and Fig. 608 is a deck-plan, of one of thoM carriages, ooDitrocted fbr 
one of the lO-in. broadside-gnna of H.H.B. 'Heronlea.' The oarriage first proposed by Scott, 
which we gave in our apeoimen Part, diflbn in arrangement, but not io piinoiple, from the caniage 
•hown in Piga. 607, 6"'' 




The aides 8, H, Fig, 608, of the lUdea are oF -aaotion Ircn, a portioD of which la boUow, and 
aometinte* filled in with wood, which projects slightly beyond tiie top and bottom flanges. On tha 
outside of the slide on each side there are snpprated by pins a pair of iron bara B, B, Figs. 607, 
oe apart, and grasped by the oompresaors at the Mme 
re grasped : the parts seoorea by the oomprBaaoia 
are shown in section. Fig. 609. 

Althongh Bcott has snoooeded In effecting the object he had in view, yet It does , 
not appear that he is aware that he, or rather Ericeaon, haa introdnoed a mechanical f 
prinoiple entirely new, upon which ahocks and oonouaaliHia may be giTen without V 
letmitioK any great amoont of rebound. Each part of bia invention ahowa mnoh 
praoticalskill and ingennity; yet the whole would &il bnt fia the symmetrical and 
uniform gripe taken by his compressor*. In fact, he can seonre composite beams of 
wood or utm so that their vibrations become as regular as the strings of a violin ; 
the oononaalona of the vibrating waves of the oompoimd beams B B B destKT a foroe which in othei 
cases prodnoa rebounds. The fiictJon of which ^tt ape^ haa not the effect which he attribntea 
to it. If the beams BSB were made of iron, they woold not answer the purpose as well as wood; 
the wood reoeives all the force, and pa«es it forward. Wood does not offisr a greater reaistanoa 
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than iron, bnt the wood paases the force applied oyer the parts equally ; whereas the iron 
the force with a rebound or shook. The one reoeiyes it, and, to use an ordinary phrase, swallows 
it, and passes it more leisurely to other puts ; iron would receiye the force, and return it suddenly, 
wnich might cause mischief. 

It should not be forgotten that a yessel of 30 tons can easily carry, and may with impunity 
make use of, a gun of 5 tons weight, since the yessel in such a case becomes the gun-carriage 
floating in water, and capable of absoroing the recoil, as a larger yessel will not do. The ' Staunch' 
is an example of this class of gunboat, and in her the gun, when not in use, is lowered, so as not 
unnecessarily to keep the centre of grayity high when not fighting. Any modification of the 
, Monoriefif principle applied to gunboate or eyen yessels of larg:er siae, would supersede turrets by 
the adoption of tnis alternate raising and lowering of the gun itself, since no armour is needed for 
the protection of the gun during its short exposure in pointing and firing. The broadside battery 
has in no great degree changed since the system was first mtroduced, unless by the proyiding 
more and more efficient bow and stem fire, or, as it is called, aU-round fire, by splaying the porta^ 
by retiring them or placing them in indents (this system haying the same objection as deep 
embrasures, in that the enemy's shot are guided into the ship), or again, and most successfully, by 
better means of training on axes or turn-tables, and by muzzle-piyoting. In great nayal battles, 
the broadside has always a marked adyantage, since no such action has been fought without a 
necessity for engaging on both sides r and here number of guns must tell, and the turret system, 
which admits of but few guns, must necessarily be at fault. 

A battery is said to be concentrated when a certain number of the guns are so trained and laid, 
as that, on l>eing simultaneously fired, their shot will strike at nearly the same moment in nearly 
the same spot at a preyiously determined range. 

This is done by measuring the distances between the centres of each port ; and, after deciding 
the desired range to be, say 200 yards, calculating each angle of training, and inserting a mark on 
the deck. Now, at this range there will be no eleyation. jSach gun is trained by the nail on the 
deck ; and a good marksman being posted at the gun, on which the whole battery or a part of it 
is conoentratea, all the g^ns are fired at hia word of command, and their shot must ineyitably strike 
whereyer his does. As the range is a fixed quantity, and forms one side of the triangle ; as the 
angle of training of the gun chosen to concentrate on is either 90° with the line of keel for the mid- 
ship gun, or about 45° for a bow or stem gun ; all the other intermediate angles are easily calculated 
from these by the diminution of base due to the distances between the centres of gun-ports. 800, 
600, and 200 yards are the usual dist&Qoes for concentration 

610. 




Guns oonoentrated on A, the after-gun ; B, the midship ; and G, the foremoet gun. 

The general arrangement and details adopted by Gapt. Goles, B.N., in the couBtmction of the 
cupola or turret batteries on board the ' Royal Soyereign ' are shown in Figs. 611, 612. 

The ' Boyal Soyereign' carries four tunets, mounting in all fiye 300-1 o. Armstrong guns, two 
in the forward and one in each of the after turrets. We ture the forward or twin-gun tiuret, which 
is 22 ft. 9 in. in diameter, and 18 ft. 9 in. outside. Fig. 611. First, we haye a massiye framework 
of wood constructed on the main deck, and supported by the deck-beams and wrought-iron 
columns. The centre is formed of two large rectangular blocks of Engii^ oak, making a square 
of 6 ft. 3 in. X 2 ft. 6 in. deep, with a round hole in the centre 26 in. in diameter. Iimnediately 
under this is placed two balks of English oak, 18 in. x 15 in. x 80 ft. in lengUi, running fore and 
aft, and bolted down to the deok-bea^ ; on this, segments of English ocJe are placed, out to an 
inner radius of 9 ft., and forming a ring of 9 ft. 6 in. outside diameter, which is firmly bolted to 
the fore-and-aft beams just mentioned ; round the outside of this ring three bands of American 
oak are bent, each 12 in. deep x 3 in. in thickness, and bolted to the segment forming the inner 
ring by 1-in. bolts. Six arms or spokes radiating from the centre, each 18 in. x 12 in., like the 
centre and inner ring, are made of English oak; on this substantial and massiye framework ia 
bolted a turned cast-iron roller-path. In the centre is a hollow tube of wrought iron, 2 ft. 2 in. 
outside diameter, 3 in. in thickness, and 7 ft. 8 in. in length, forming the piyot on which the turret 
reyolyes, and acts as a safe communication with the mag^ne below. A large easting, which 
forms the centre, round which a liye wrought-iron ring, lined with brass, reyolyes, is placed round 
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this pivot, and riU xipoa the wooden framework bolted throng to b. lomewhat stmilu eastrng 
below, which ia vupported b; a fbrked wionght-iion ooioma retting on the keelaoii. We are now 
come to the tnm-Uble or platform on which the turret U bnitt. It is a laigo diwi of woodwork, 
24 ft. 8 in. in diuneter, and 12 in. in thicknoas, built of oak ilaba, 14 in. x 6 in., bolted together, 
the top layer ittiag placed at right angles to the bottom one. Near the oatdde tha thinkneiH is 




u the bottom dde, and bolted tbioogh 
in me same maimer aa the path. This casting ie 
bored oat, and a brass brush let in, J in. in thiok- 
ne«a x 15 in. In depth, which forms tha moving 
rubber sorfaoe round the axes. Between thij 
casting and the lower one are ammged twelve 
brau oonical loUore, S} in. in diameter at their 
largMt part, and 9} in. wide, supporting tha 
centre weight of tha turret. These rollere are 
placed in a live ring of bram; the pins round 
which they revolve are H in. in dluneter, and 
■orewed into the inner part of the brasg ring with 
a Jamb-nut eorewed up to prevent the pin turning. 
A {-in. washer la then put on, and segmenta of 
wrought iron. 4 in. x ( in., are fastened over the 
whole thing b; 1-in. square-headed wood sorewf ; 
the oDtdda niits U the roller-pins are tightened 
wainst these Mgrneots. The oeotre tine through 
the inner rollers is S In. above the centre lino 
thrcmgh the enter onea, which are thirty-six in 
number, made of oast iron and tamed oonioal, 
the largest diameter being IB in. x 9 in. wide, 
they are oast H sections, the boss is bored, and * 
brass brush fitted. The framework in whioh 
these wheels revolve is made of an inner and 
outer ring of wrought iron, each 6 in. x f in Tha 
inside diameter ^ the inner ring Is 19 ft. 2 in., | 
and tha outside diameter of the outer rmg u 
SI ft. 3J in. Like the outalde ring of the oentre roIUng-frame, theae ringa we made in short 
a^Qents with Joint-platea on the insidej each foatened oj fonr f-in. bolts, the two outside onea 
Ixdng long enough to pass through both rmg^ with a nut at dther end ; round theae long bolts is 
S pleoB of 1) in. jnm-barrel tube, which acts as a stay or dlstance-pleoe, to which the rings ars 
Krewed home. There are thirty-dx segments to each ring. The TadioHoda are S in. '" — '" 
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inflreased to 2\ in. at the ends. The inner end is sorewed into the live ring before described with 
a jamb-nut on the ontiide ; the opposite end passes through the roller and hage rings, with two 
jamb-nuts on the inside, and one nut, with a pm through it, on the outside. 

On this turn-table is built the turret, a little eocentrio to the platform, that is to say, the 
centre of the turret is 9 in. from the centre of the^atform, and is formed of thirty upright frames, 
made of T-irons, angle-irons, and plates. The | -irons which form the inside circle are 6 in. x i 
10 in. X ^ in. The plates on the outside are 10 in. x ^ in., with an angle-iron riveted on either 
side, 3 in. X d in. X I in. The T-i'ons extend from the platform to the top of the turret, a height 
of 9 ft. 6 in., whereas Uie |-in. plates and angle-irons only extend 8 ft. 7 in. in height, ana are then 
brought round to form the support for the woodwork and armour-phiting. Between the vertical 
T-irons, and beginning at 8 ft. 7 in. from the platform, are nicely-fitted balks of teak, 18 in. x > 
10 in. X 6 ft. in height ; round tlus, and let in iush with the outside of the teak, are systems of 
diagonal bracing or trellis-work, with one hoop top and bottom, 6 in. x } in., which is also the 
scantling of the diagonal bars. Over this is built another ring of teak balks, 18 in. x 1 in. x 6 ft., and 
on the outside of thk is the armour-phiting, consisting of twenty phites, 5 ft. 4 in. x 8 ft. 6 in. x 5} in. 
in thickness, secured to the framework of wood and iron by four 2-in. oountersimk galvanized bolts 
to each phite, passing through U the inner lining, consisting of (-in. pUte-irons. In addition to this 
liniag there are two wrought-iron rings in the inside, through whicn the bolts pass, and to which 
they are secured by an ordinary nut. The upper hoop is 14 in. deep x 2 in. in thidmess, and the 
lower one 6 in. wide x } in. in thickness. There ib a double thickness of armour-plating, 12 ft. 
long, on the port-hole side of the turret, the inner plate being 4^ in. in thickness, making a total 
thickness of 10 in. solid phiting. The roof is formed of wrought-iron rolled beams, sometmng like 
a double-headed rail, except that the top flange is an inch wider than the bottom one, the top 
being 8f in., and the bottom 2f in. These beams are 4f in. deep, weighing 15 lbs. to tiie foot-run, 
or 45 lbs. to the yard. They are placed 2 in. apart, and pass through the woodwork resting on the 
armour-pUtes ; wese are covered with 1-in. wrought-iron phites, bolted to them. Thero are also 
side-laps about every 8 ft., which are bolted to the armour-plates. Thero is an opening above each 
gun, 20 in. in diameter and 9 in. deep, packed round with wood, covered with plating ; these are 
merely light-holes. There are also two slits over each gun, 4 ft. long by about 8 in. wide, for the 
*' captain" of the gun to take his aim through. Thero are two cowl-pines for ventilating each 
turret. The short standards with hand-rails are used for stowing the hammocks in, whHe the 
long ones merely serve as a hand-rail for the look-out. The port-holes are 20 in. x 8 ft., half round 
top and bottom, and Uned in the inside with iron, } in. in thickness. 

We now come to the turning-gear, which consist of four winch-handles and gearing, working 
two vertical shafts, one on each side of the cupola, 2^ in. in diameter. Two of these handles work 
inside the turrot, the other two on the outside. As they are all four alike, we need describe only one, 
which consists of a common winch-handle. Fig. 612, 15 in. radius, attached to a spur-piniozi, 10 in. in 
diameter, 1^ in. pitch of teeth. 3f in. breadth of same, twenty-one in number. This pinion works 
into a spur-wheel, 80 '4 in. in oiimMter, 1^ in. pitch of teeth, d| in. breadth of same, sixty-three in 
number. To this is attached a bevil-pinion, 6 in. x 1} in. x 4 in. x 11 teeth, working into a bevil- 
wheel, 18 in. X 1| in. X 4 in. X 88 teeth. This wheel gives motion to the upright shaft, to the end 
of which is fixed a spur-pinion, 10 in. x 2^ in. x 6 in. x 14 teeth, working into the large wheel 
bolted to the framework, the size of which is 22 ft. x 2}in. x 6in. x 871 teeth. 

The mechanical advantages gained by the gearing up to the periphery of the pinion which 
works into the rack = 27 to 1. 

If we suppose the whole weight of tlie onpola and-guns, 140 tons, to be concentrated on a oirole 

r^Ktt ' A' ^ A 1. ^S^x 30-4 X 18 X 264 .^ , . . 

of 16 ft. in diameter, we have: —rrr — ;; — rz — irn;— = 40*1 to 1. 

* 10 X 6 X 10 X 180 

Eight men are the fuU complement for working the gearing, four inside and four outside the 
turret, the speed = 1 revelution a minute. Four men can work it, bu^ of course, they take double 
the time. 

In addition to the four winches just described, there is what is termed the deck turning-gear, con- 
sisting of two winch-handles, each 15 in. radius, working a bevil-pinion 11 * 1 in. x If in. x 5 in. x 
20 teeth, working into a bevil-wheel, 82 '25 in. x 1| in. x 5 in. x 58 teeth. At the other end of the 
shaft to which this wheel is attached is a face-pinion, 10 in. x 2| x 6 in. x 14 teeth, working into 
face-rqck on turret, 24 ft. 6 in. x 2| in. x 6 in. x 412 teeth, the mechanical advantage gained by this 

fearing from the winch-handle up to the periphery of the pinion which works into the nick = 8 * 7 to 1. 
(ut assuming, as before, that the weight is concentrated in a circle 15 ft. diameter^ we have— 

30x32;25 x294 _ ^ 

lllx 10x180 "" ^*'^ ^ ^* 

there are three small crab-winches attached to the revolving platform, tyro of which are used for 
working the guns, and one for lifting the shot. 

There is a clear space of 8 in. all round the turret and the well or hole in the deck, and this 
space is covered by a leatiier flap or ring attached to the turret, and bearing on a brass ring fixed 
upon the deck ; this leather flap is wei^ted with a strip of iron round the outside, in order that it 
may fit close to the deck. 

The edge of the hole in the deck, within which the turret is placed, is strengthened by a 
wrought-iron weU-ring, weighing about 1^ ton, and formed of 1-in. plate of wrought-iron, 2 ft. deep, 
with angle-irons on the outside, top and bottom. From this ring radiate iron b^ons, some leading 
transversely to the sides of the vessel, and the others to the deck-beams, to which they are firmly 
attached. On these beams are laid the 1-in. plates forming the deck, and upon these is placed 
around the turret a ''glacis-plate," consisting of a ring 80 in. wide, and tapering in thickness from 
8 in. at the inner to nothing at its outer edge. 

Over the glads-plate comes the deck, tapering in the oppodte direction fix)m 6 in. to nothing. 
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and npoB this la laid ratmd the turret a ring of {-in. stamped WTOnght-troa pbtea, 2 ft. in. wida, 
irblflh MTTef to protwt the deck from being simrched b^ the diioharge of the gun. 

The deck of the veagel risea at an angle of 5° from the Bidea towardi the oentre, and it fonned 
of l-in. wrought-iroD plates, oovered down the centre for avidth of 26 ft. with 8-in. teak planking; 
the remainder of the anrfaoe is Covered with C-iii. planking. Xbe deok li carriod by wrought-iion 
lolled beams placed 12 in. apart between the main wooden deck-beama, and the l-in. plating is laid 
on in stripe about 12 ft. long by 2 fL 6 in. wide, joined together by f-in. riveta, and covering itripa 
1 in. X I in. The l-in, plating ie donbled round the openings for the tnrretH, hatchwayi, uid 
funnel ; and a double thickneaa in also carried, fbre and aft, between the tuireta and the aidea of 
the ship. The annour-platei ate bedded upon erosBed diagonal planking, which waa added to the 
origLDBl aidea of the voHHel on her convoraiDn from a thiee-tkclter. making the total thickneaa of the 
timbei-bacfaing 3ft., aa shown in Fig. 611. 

It may be neceaaary to add that the turreta are now made ooneentrio in place of eccentric to 
the platform ; that, in lieu of the amall winchea before mentioned, they put a much larger one, 



ftboTe theiotatiiig toireti thia anangement enables the commander to dinnt the i' ■'■"""»"; who 




is near him, and the gmmer below, whQe he, the oommander, la obaanlng the enemj. The turret 
A ii 34 ft. inaide diuneter, 9 ft. in, high, and IS in. thiotLOompoaed of two separate oylindera 
fonned of plates I in. thi^ lapped and riveted ttnether. lite onter cylinder, compoaed of aiz 
platea, was boilt on a staging above the inner one of four platci^ and after completion was slipped 
over ii The annular space of G} in. between the cylinder! ia filled with Mgniental slabs, S in, 
thick, made of the beet malleable iron. Theaa alabs were made onlv 11} in. wide, in cvder to save 
time. B it an extension attached to the top of the turret, composea of plate i in. thiak, bent out- 
mrdin thefbnnof a trumpetiinorder tolhtowofftheteainbad wedtner; O ia a wocden nrnting 
extending round the turret extanaion, anpported by and bolted to brackets D, at interrali m 8 ft.; 
% atanehiona for aopporting • np»'r»U carried round the wooden gtsting; r, (tanohiona for sos- 
taining an awning in fine weather; O, the pilot-hoaa& B ft. inside cuameter, 7 tL Ugh, and 12 in. 
thick, (brmedof two tepante oylinder«,ea(ii compoaed of iiz plates lin. thick, lapp«d and riveted. 
After OMnpletion, the largef ovUnder was foteed over the amaller one. The roof is composed of 
three platra, 1 in. thick, covered with 8 in. thickncM of wood, and an onter plating 1 in. thiok. The 
roof is inserted below the top of the cylinders, and is thni protected fiom shot ; both cylinders ara 
taeraed with eight elwigBted iight-holiM. The weight <tf the pilot-honae is ropported by a broad 
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wronglit-iroii croBB-pieoe H, seonrcd to the oircnmferenoe of the home by angle-iroxu, this eroas- 
pieoe resting on a collar near the upper end of the stationary vertical pillar I, round which the 
turret turns. The floor of the pilot-house consists of wooden gratings provided with grated 
hatches moving on hinges. J is tne upper turret-beam of wrought iron, 11 in. deep, 8 in. thick in 
the middle, sustaining rafters which support a series of bars E^ 4 in. deep, 3 in. thick, placed 2^ in. 
apart, on the top of which are placed peiforated plates 1 in. thick covering the entire turret. L, L, 
are the gunnsliaes, four in number, 10 in. deep bv 4 in. thick, of wrought iron, the ends of which 
rest on plate-rings secured to the turret, their middle resting on the lower turret-beam M. N is a 
cross-piece of wrought iron, suspended under and let into the central pair of gun-slides, and into 
which are tapped the diagonal braces O. By means of these braces O, the entire weight of the 
turret may be suspended on the collar n' of the turret-shaft. P is a spur-wheel bolted to the 
under-side of the gun-slides and lower turret-beam, and worked b^ a pinion Q on the vertical shaft 
Q', at the lower end of which is the spur-wheel Q", driven bv a pmion on the axle R, and on which 
is fixed the 8p^u^wheel B'. This spur-wheel is in turn worked by the pinion 8, on the lower end 
of the shaft S', which is provided with a crank 8", and turned by an engme consisting of two cylin- 
ders 12 in. in diameter and 16 in. stroke, placed at right angles, and bolted to the under-side of the 
deck-beams T. TJ is a port-stopper for preventing shot from entering the turret, composed of a 
massive block of wrought iron bent in the form of a crank, provided with bearings, in which it 
may be turned into such a position as to admit of the gun being rolled out, while, when turned 
into another position, it doees the port. Y is the gun-carriage ; Y ' a rack on the under-side of 
the same ; Y a pinion for moving the gun on the dides, and l)v means of which, combined with 
a friction-coupling, the recoil is checked ; W is a radial sliding-bar for passing the shot into the 
muzzle of the gun without handling ; X is the steering-wheel, and Y the double barrel for the 
steering-chains Y', which run upon roilers under the deck-beams, a is a bar of steel, 2^ in. square, 
inserted in a groove formed on the port side of the tonet-shaft, provided with cogs on the opposite 
sides, by raising or lowering which, by means of a tirain of wheels in the steering-box b, the chain- 
bairel is workea through the pinion c; tf, fore and aft bulkheads to support the weight of the turret 
and turret-shaft, strengthened with angle-irons, 6 in. by 4} in., placed 18 in. apart, upon which 
rests the cast-iron saddle /; ^, a key for regulating the height of the turret-shaft, above and below 
which are plates g' and g" of composition metal to prevent cutting; A is a cast-iron bearing for 
giving lateml support to the turret4haft, into both of^ which square jcevs are let in, to prevent the 
BhaiX firom turning; » is a wrought-iron plate, polished on the top side, secured to the deck; a 
corresponding plate of composition metal, with a projection on the inside, being fitted under the 
base of the turret, with which it revolves. This composition plate does not extend ipider the outside 
cylinder of the turret, which is supported by being bolted to the base ring k, as shown in the 
engraving : imdemeath this part of the turret the space is filled with oakum or similar material. 
Scupper-holes / are provided for carrying off any water which may enter the turret between the 
base-plates in a sea-way. Plates m are nveted to the four inside courses for sustaining the upward 

Sressure of tiie gun-slides when the diagonal braces are screwed up, composition rings n being 
tted between the upper turret-beam and the collar n' of the turret-shaft, nearly the entire weight 
resting upon this ring when the turret-shaft is fully keyed up. Doors o in the upper transverse 
turret-bu&head afford communication between the berth-deck and the turret-chamber, ^the doors p 
forming communication to the after-part of the ship, and doors q in the lower bulkheads to tiie 
boiler-room and coal-bunkers. 

Of the Power of Symmetrical Turret^, taken troBk * Text-book to the Turret and Tripod 
Systems of 8hip*s Battery,' Gowper P. Coles, firom phins by E. Pellew Halsted. Figs. 614, 615. 

Fig. 614 is a deck-plan for a 7-turret first-rate vessel of war ; and Fig. 615 is a midship section 
of a 7-turret first-rate vessel of war. 

Mode of Armament, — Seven turrets or cupolas, with two guns each, so airanged that — 1, the fire 
of four guns can be delivered in line of keel ahead and astern ; 2, the central turrets, and very 
largely Sie deck itself^ are protected horn all raking fire; 8) the deck can be swept fore and aft, 
to prevent possibility of boarding. 

CJOMMAND OF TURBXTS : DeTAIUB ffOB BeFSBENOE TO Fio. 614. 

With both Giina. 1. Additional with Singh Guns. 

From 85° abaft port beam, to 50° abaft star- I 2° aft on port side ; 6° on starboard ditto =s 
boaid ditto = 315° or 28 points. | 8°, or } of a point. 



2. 



From 50° afore, to 61° abaft port beam = 
111°. Then, from 2° on port side of keel for- 
ward, to 81°abaft starboaid beam =173°. Total 
284^, or 25} points, nearly. 

From 75° afore, to 71° abaft port beam = 
146°. Then,from60°afore,to71°abaftBtarboard 
beam = 131°. Total 277°, or 24) pomts, nearly. 



6° forward, and 6° aft on both sides = 24° or 
2| points, nearly. 



3. 



2° forward, and 6° aft on port side; and 7° 
forward, and 6° aft on starboard side = 21° or 
2 points, nearly. 



Frobi 71° afore, to 71° abaft port beam = 
142°. Then, from 71° afore, to 71° abaft star- 
boaid beam ■= 142°. Total 284° or 25} points, 
nearly. 



4. 



6° forward and aft on both sides = 24°, 
2} points, nearly. 



or 
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5. 



From 71® afore, to 60® abaft port beam = 
131°. Then, from 71® afore, to 75 abaft star- 
boaid beam = 146®. Total 277®, or 24} points, 
nearly. 

From 81® afore port beam, to 2® on starboard 
Bide of keel aft = 173°. Then, from 61® afore, to 
50° abaft starboaid beam = 111° Total 284®, 
or 25} points, nearly. 



6® forward, and 7® aft on port side ; and 6® 
forward, and 2° aft on starboard side = 21®, or 
2 points, nearly. 



6. 



6® forward, and 6® aft on both sides = 24®, or 
2} points, nearly. 



7.. 



«-<' 



From 50® afore port beam, to 85® afore star- 
board beam = 315®, or 28 points. 



6° forward on port side, 2® on starboard side 
' = 8P, or ) of It point. 







SumfABT. ^ 






With both 0cm. 


■I. ■ — ^"^"^^ 

AODRTOirAL WITH StKOU GCVB. 


Na of Turret 


DegreM. 


Pnitita. 


Mo. of Torrci. 


Degrees. 


Ftointa. 


1 
2 
8 
4 
5 
6 
7 


315 
284 
277 
284 
277 
284 
315 


28 

25} 

24} 

25} 

24} 

25} 

28 


1 
2 
8 

4 
5 
6 
7 

Additional Mean*^ 
Command .. / 


8 
24 
21 
24 
21 
24 

8 


|5 

i 


Mean Cknnmand .. 


290® 51' 


25f 


18® 85' 


H 



This power of mean command exists when the mntnal obstmotion nnaToidably presented 
by the turrets themselves is alone taken into acoonnt. But even if 50® be subtracted from 
it as a mean deduction for the farther unavoidable obstructions presented by masts, hatchways, 
and the like, the remaining 240®, or more than 21 points of the compass, as a mean command for 
each turret, gives, says Halsted, a training-power unapproachable by any other system. The 
shaded spaces between the turrets, however, show the neutral surfaces, utUraverted by any fire, to 
be sufficiently extensive to aooommodate many of such further obstructions without any sacnfioe of 
training whatever. 

Concentration and Direction of Fire. — The whole fourteen guns, Fig. 614, can concentrate on 
points in direct line on either bcMun, 100 ft. distant from the guns of the central turret. No. 4, and 
can train from thence against ships or batteries, throughout an aro of 50° afore and abaft. 

The four guns of 1, 2, and of 7, 6, can simultaneously concentrate on points, in direct line of 
keel forwurd and aft, 100 ft. distant from stem and stem. If engaged only forward, or only 
afk, this fourfold line-of-keel fire can be supplemented ; if forward, by the alternate single guns of 
6, 7 ; and, if aft, by those of 1,2: ftll four of which command a line of fire of 87®, or onlv 8° from 
Ihie of keel, forwanl and aft, on either side respectively. Whether chasing or chased, a £xe of six 
guns out of fourteen, practically in line of keel, can thus be maintained. 

To illustrate ttie bow and quarter firo : — If a radius of 800 ft. be struck from the oentro of the 
middle cupola, it will describe two arcs practically equidistant from both bows and both quarters. 
And if an angle of 17°, or 1} point, be measured from the same centra and extended on each side 
of the keel forward and aft, it will fix twp points in each arc, 100 ft. distantpractically, from the 
nearest part of each bow and each Quarter of the ship, as shown in plate. While the four guns of 
1, 2, are still engaged in line of keel forward, six other guns can concentrate on the above point on 
the port bow ; namely, the two guns each horn 3, 6, and the single port guns from 4, 5, respec- 
tively. So, at the same time, the four remaining guns can concentrate on the other like point on 
the starboard bow ; namely, the two guns of 7, and the sinele starboard guns of 4, 5 ; which two 
turrets can thus ply their single guns alternately on each of the above bow-points. But it is 
fVirther obvious, on reference to Fig. 613, that Turret 1 can concentrate, or alternate, the fire of both 
its guns, as reouired, against either the starboard or port bow-point ; while Turret 2 equallv com- 
mands tne starooard point ; and ttie defence of the ship, in single or in general action, can thus be 
maintained with her whole fourteen guns— « toith an end-on broadside — throughout an aro of 
8 points, or only 17® divergent on each side of her line of keel forward. And similarly complete 
and symmetrical is her means of defence aft. Both guns of Turret 1, with the starboard single 
ones of 8, 4, can concentrate a fourfold fire on the point on the port quarter; while a sixfold fire 
pours on the point on the starboard quarter from the two guns each of 2, 5, backed by the single 
port nms of 3, 4 ; the whole four guns of 7, 6, being still engaged, if needs be, in line of keel aifl, 
or both those of 7 firing, either upon the port or starboard quarter-point, and both those of 6 pour- 
ing their fire upon the port point. 

The power of concentration, says Halsted, is as simple as it is perfect. It exists from the 
moment the turrets are ^ clear for action," without any complicated preparation or oombination 
between them, and is carried out by simple direction for all or any turrets to direct their fire 
«n any specified point of an enemy's hull within their command of training. 



2S1 batt: 

Seeuring fl* n«rrrti.— All toMtu of Bemtring 
tile tmrela in etresa of weather are purposely 
(Hnitted from the aectioiial deeign, Fig, 615: — 

1, ill order not to complicate the dr^niiig itself; 

2, in order to keep the Bubjeot free for special 
Btndy when actual ooiiBtnictioii ihall bo nnder- 
takec. But the following meana have been 
fully considered, and are regarded by kblect 
machaniciaiiB as ample for every practical pnr- 
poee, though not iocapable, of ootuve, of further 



To prevent oS Lateral MMiM. — Foni or more 
powerful horizontal elamps Btrtmgl^ lecnied to 
undei-Bide of upper deck, working with oompetent 
BOTBWB, and c1aq)ing or unelaBping front oppodte 
poluta the external oircumferenoe of tnrret. 

To preoent all Vertical Jfo(wn,^Foar or more 
poweifnl vertical or oblique chaint or rods, 
hinged, as ihown in Fig. 61S, or otherwise re- 
movable, Btrongly bind^ down the tnrret to 
the Btronser puH of the main deck around the 
turret-bed. 

Seairiiy in AcUon. — The flangea, with the angle 
of oone given to the twenty-fOur Bteel tollers, and 
their steel roller-path — apon which, whan in 
action, the tnrret revoIves-'-eappIy ample means 
for the true and safe working of the turret in 
every state of weather when its zuns can at all 
be used. But these meana are nuther assisted 
by centering the floor of the turret down to the 
central pivot of the vrorking shaft on the lower 
deck, by a syatem of diagonal trusses which con- 
nect the two : thia arrangement fully providing 
against any other motion by the turret than it* 
intended horizontal rotation. 

On Upper Deck. — A clearanoe of 8 tD. mr- 
ronnda the tniret on the upper deok, rendering 
highly improbable any permanent choking of its 
action by any effect* of shot. Bat the opening 
on that deck la somnnided by a strong box-girder, 
famiBhed with oompetant roller*, by which to 
meet any possible eironnutanoe* makW it desir- 
able ibr the tortet to be supported at that point, 
A flexible flange or valve, as in the American 
monitors, keeps that opening vrater-tight, - and 
any poeHible leakage will find its ready exit to 
the sea throngh the main-deck soupperB. / 

The following main details arc^ however, / 
freeJT stated ; — •! 

CemttmcHon. — FhO. — The oonitnietion of the iiL 
hull is on the same principle of oombined loneitu- . \ 
dinal and transverse frames as in the 'AohiUes,' ^ 
'Agincouit,* &o., and other British iron-dads <j 
war ; with an inner and outer skin-plating, as 
introduced by Mr. Soott Bussell In the ' Great 
Bastem ' steam-ship. 

The extreme ends are made cellular and 
water-tight, with tiie same preparation for ram- 
ming as in the above-named ahipa. The whole 
of the intermediate apace between the inner and 
outer akin-platinga is subdivided into sectional 
water-tight oompartments, arranged to be nsed 
for water-bcdlast, to compensate, when necessary, 
for oonsiunption of fuel, and so on, and for main- 
taining the ship at her proper trim. 

Defeniive Ponwrj.— Atmow and banking ha* 
been considered in its componnd character, and 
not simply in reference to the outer armoni- 
platee. I'KronghoDt all classes and rates, a* the 
guns are the same, so the armour and backing 
are of one character and thickness. The outw 
armour is 6 in. thick : next teak II in. thick ; 
next, 9 in. depth of Ur. John Hughes's hollow 
metal backing of (-in. iron ; the bus in contact, 
running Icmgitadintll; fivm end to end c£ the 
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■hif, and wonrelf riveted to the (-in. akin, aa vrell as to the ftainea ; thna Gomhininf; with, and 
giving great atren^h and Tindity to, the whole stmctiuo. Aa in other irod-clada, the armoar 
and teak-bacUn); tapei towarda the ends, but not the HuKhea' bacliing. The weight per nnaro 
foot of the oomhined reBistiDg media is, mnzimnn^ 533 Iba.. minimum 444 Iba^ moaa 48S| Urn. 
The reeiatanoe of the metal-haoloug U eatuuatad aa equkl tt> E^iu, plating. 




jrdi'n DkI, in all oluaea, !■ leTel with the top of armortr, and laid with l}-in. Iron, rovpred 
' irith 6 in. of teak. The height out of vater ia. In ships of the line, S ft. : frizat^ 4 ft. ; oorrettei, 
3 ft. The onlf «hip amiDiir abore main-deok lerel is that around the rudder and its working 
gear. Tlie main-deok hatchways are limited to luch u are requiaita for proviaioning, and ao 
on ; the turreta themaelves oonatitntlng oapacioiiB hntchwavB for all other purposes. As with the 
npper daelcs of the American monitors, all main-deck liAtchways are fitted with hiiib ooanuDRS, 
and 11-in. water-tight iron hatchea, hinged, and alwaya in place. This admits of the between- 
deeks bein^ Qooded without the water finding its waj below. Provision is made for getting rid of 
the water, m inch oaaa, by a large water-port bencaui each main-deck guli-|iort on the broadside. 
The aides of the main deck are of |-platea unprotected, the armour being limited to the vital 
body of the ahipa, and all connected with the turrets. These sides are conseqnentW liable to ba 
riddled with ahot-holes, through which the water might afterwards flood the main deck in heavy 
weather. In describing the turret, it will be shown that in snch event complete access, as before, 
may stUl be maintained with the lower deck and all below it, even with 3 feet water over the 
main deck. The lower decks throughout are laid with J-in. plates and 4-in. tenk over ; the 
upper docks with }-in. plates and 4-in. teak. The lower decks are 7 ft. beneath the beama; 
the main decks 8 ft. ; eice^ in the oorvettea and ocean-deapafijh, where both are 7 n. 

Spar DecM.—Thia most important feature in aid of the whole imdertiiliing is adopted hom the 
radimsntal spar deoks, connecting turret with turret, in the Ajnerican monitors. In its application 
here, aa a war anao^ment, the leading kiea has be^ this, — the upper deck proper being regarded 
H if it were the main dook of an ordinary Mgate. In anoli caae tue beama of the OTerbeM deck 
would odiDMily leoeira and mpport trom ttw valla ra ddei of Uie alup, aa pieroed with porta for 
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broadmde-flre. But these beams would rocciTe central supports also from two rcfws Tyfatepffiions, not 
fixed, but hinged, and removable as required. Now, the support of the spar deekritfeftresents, as it 
were, those two rows of central movable stanchions, converted into a ISystem of fixed central 
support ; the main-deck sides or walls of the ship being then altogether removed, so as to ^ve free 
scope to a central, rotary, all-round turret-fire, substituted for that of the broadside. But the 
strength of that central svstem of trussed diagonal support for the spar deck enables it to fulfil 
also every office of a complete workmg upper deck, for boats, capstans, rigging, working ship, and 
the like, whether the turret guns beneath it be silent or in action. In all bad weather, and espe- 
ciallv when steaming head to wind and sea, it thus constitutes a practical freeboard of ample 
height to secure all comfort and safety. The spar deck is constructed as a girder. Its lower 
convex skin is of ^ steel plates, laid perfectly smooth ; its upper convex is of )-in. iron, covered 
with 3-in. teak. Its edge is stiffened and strengthened by a continuous box-girder of J-in. platei^ 
4 ft. deep and 2 ft. wide, constituting the hammock-netting. 

Besistance of Spar Deck to Explosion of Turret Gwu below. — As two features of great novelty and 
importance are here involved, it is felt necessary thus to notice this subject. The question is ob- 
viously one of due strength. An experience of over three ^ears, says Halsted, writing in 1867, has told 
us that decks of wood, with or without an underlay of iron plating, suffer no injury, beyond being 
blackened, by charges varying from 85 lbs. to 45 lbs. flrea even less than one foot above their 
surface : and the nearest point of the under-side of any of these spar decks to the bore of the 
gun beneath it is 5 ft. 10 in. Again, long experience has determined that the angle of so-called 
explosive force diverges 45° from the circuxnference of the bore, in equal effect all round, but 
diminishing in effect directly as the distance. Thus the point where the explosion from the nearest 
muzzle will impinge on the nearest under-side of the spar deck above it will be increased to 8 ft. 
9 in., presenting a smooth surface of steel. And if its strength be but equally resistant as that 
layer of a deck of wood, 1 ft. 4 in. distant, as in the ' Royal Sovereign,' which lies nearest to a 
muzzle above it, and suifices to resist all injury ; it is clear no apprehension for these spar decks 
need be entertained. But if indeed it be found less than that wooden standard of sufficiency, 
then a further layer of iron plate, even to an inch in thickness, over the are of impingement 
is easily added. 

Figs. 613 and 615 illustrate other details of construction not here described. 

8ea-going turret-ships, by Admiral Paris, Figs. 616, 617, 618, 619; taken from the < Artizan* 
for April, 1869. 

The subject of sea-going turret vessels, which is one of vast importance to this country, haa 
just now acquired still greater interest from the fact lately disclosea by Mr. Ghilders, the present 
chief of the Admiralty, that our Government have at last determined to entirely leave off building 
wall-sided iron-clads. and construct only turret ships. 

Few, if any, autnorities upon this subject stand so deservedly high as Admiral Paris, who 
has devoted so many years to the study of its inerits, and we have therefore given the following 
explanation of his views as communicated by him. 

Since the first appearance of the * Gloire ' as a sea-going iron-clad, but few changes have arisen 
in the general features and form of vessels of this type. The only alteration of a notable character 
consists in the adoption of a central battery, which system has been rendered necessary, because, by 
reason of the increasing penetrative power of shot, it has been foimd practicallv impossible to carry 
armour of sufficient thickness over tne whole length of wall-sided ships to a£iord them ample pro- 
tection. One consequence of the introduction of central batteries has been a reduction in the 
number of guns carried by a vessel; thus iliips of the magnitude of the 'Bellerophon' and 
* Hercules * now carry only four or five guns on each side. 

It is evident, however, that these gims will be more effectiveljr used in a turret than in a 
central battery ; and this is now beyond dispute, the doubts militating against the turret system 
having been cleared away bv the trials of moniton in active warfare, and by their sea voyages. 
Also, as all iron-olads have oeen built of the same shape, that is to sav, with vertical sides and 
rounded bottom, they commonly roU heavily, shi{)pin^ wat^ through tneir ports and over their 
btdwarks, and preventing the use of those guns which m the old ships of war would have probably 
been brought into action : to this defect must be added the danger arising from the rolling of the 
vessel, which tends to expose the weak or unarmoured parts of the vessel every few seconds. Hence 
at the present time it appeara that, in the ordinary system of wall-sided iron-clads, the limited range 
of guns, the low height of their elevation above the surface of the water, and the rolling of the 
ships, are defects gravely impairing their other qualifications,, which have been so greatly enhanced 
by the skill of many of our modem engineera. 

There appeared however, in the United States of America, a peculiar description of vessel, 
which was omy desired for navigating rivers, but was found to possess a remarkable stability in 
a sea-way, only roUmg about one-thiid as much as ves&ela of the ordinary build. The natural 
conclusion from this almost unexpected result is, let us adopt similar shaped vessels ; or, in other 
words, let us build moniton. But if this form were adopted throughout the entire navy of any 
country, she wotdd be unable to carry on a war in open sea in bad weather, as it is acknowledged 
to be unsuitable for a heavy sea. The problem, therefore, is how to obtain the advantages of 
stability and extensive range of fire as possessed by the American monitors, in vessels capable 
of navigating the ocean in idl weathers. This problem Admiral Paris endeavoured to solve, after 
havine had the advantage of studying the various models in the Paris Exposition, and having 
reliable information respecting the monitors, together with long experience at sea. To design a 
vessel which should be as free from rolling^ as a monitor ; as seaworthy, and with as good accom- 
modation, as vessels of the usual form ; and carrying her guns a sufficient height out of the water, 
with an all-round ftte, was his object. 

As regards stability, or freedom from rolling, it is well known that a boat-hook floating in the 
water, and kept right by the weight of the iron end, is least affected by the waves. Again, a 






lighted on the bottnm rido irill not roll ; whilo a body in the form of a aphere, or a ojHnder, 

no Btabitity of its own, and requires a large amount of ballast to keep it upright. Tba 

oootrost between the motion of different shapes or buoys in a heavy sea, is a simple illus' 

Tarying stability, A body of i ' ' ' '" 

upper side level vlth, the 

water, lueh bb a boat flllod 

with water, or a pieoe of ioe, 

moves with tlie waves, bat ocdy 

«D far. The first of these fomit 

would, of coarse, be impoesible^ 

as the ve«Bel would be imprao- 

ticably deep ; bcaides which, a 

complete immobility ia undo- 

Birabla. Tba merits of tlia 

circnlar form aro about to be 

proved by the Winan's yacht, 

and presents many difSculties ; 

while the monitors have proved, 

on a large scale, the hiQnenoe 

of waves upon a bodf of a 

specific gravity ueeilj eqoal to 

liiete three iUnstratioii^ 
applied to the usual oonstrao- 
tioQ of a vessel, which may be 
deeoribed as a semi-cylinder, 
with a parellelopipedon over 
it, show that it Is the form of 
maximom rolliog, especially if 
weight Is fixed outside to add 
to the inertia. It is well known 
that a t«ft rolls lest than » 
boat; while a bent-book, fiwting 
close to them, is qnite motion- 
It^, for which reason it baa 
been employed as a wave- 
tracer for showing the rolling 
of ships and the motion i^ 
waves, and has been found to 
act very perfectly. It is, more- 
over, necessary to rely upon 
the well-established fact of the 
non-ioUing of the monitors, aa 
ive motion of iron- 
B have fullv proved 
uur iguuiance of the laws 
which govern the motion of ships, becAnse If any theory npoD thia point rmlly existed, It would 
be onpardonahle not to have applied it. 

For this reason, when it was first proposed to construct iron-clad veosole. Admiral Pari* 
proposed that a model should be bnilt— say abont 130 ft. long — with iron fhunes and wood 
planking fastened with screw bolts, thus making a composite vesiel. With such a vessel experi- 
ments oiight have been tried with weigble ui every possible position; and after having experimented 
■nffidoitly, the boat might be hanled ashore, the plauks removed, and the frames put in the 
fnmaoe and afterwards bent, bo as to form a vessel of some different shape upon which to try 
similar experiments. By those means a considerable amount of piactieal knowledge oould have 
been obtained as to the beat form of veeeel for war pnitKiaeB. 

It has been already mentioned, the monitor is the best form of vessel for stabUitf. and ia also 
perfertly adapted to tae smooth surface of rivers, where the ship's company have frequent oppor- 
tunities to breathe pure air ashore, though they cannot be considered as adapted for long voyages 
at sea. The first monitor was ennh in weather which permitted another ship to use her boats; 
while the 'Wcehawkoe' and the 'Affondatore' suffered the same fate, in conseqnenoe of opening 
the hatches to breathe a little air after a battle. 

The point, therefore, is to attain as near as possible to the non-rolling quality of the monitors, 
and avoid their unseaworthiness, which the Admiral endeavoured to accomplish in the foltowinc 
manner. It will be seen from Figs. 616, 617, GIB, 619, that the midship section of the proposed 
vessels are formed of parts of circles for the sides with a fiat bottom, the sides rising but a short 
distance above the water-line, and covered with a deck for a certain distance inwaras : when the 
sides sfain rise to a sufficient height to admit of ports being placed well above water, this portion 
being long and narrow, somewhat similar to a river steamer in shape. Upon reference to the 
cross-sections, Figs. 617. 61S, it will at once be observed that, with the exception of the oompara- 
tively narrow raised portion, the vessel is similar in section to a monitor, and oonsequontlj 
possesses the similar properties of stability. This element being the most important point, it waa 
ueoeeaary to study it carefully, and, therofore, Paris calculated the pcaitions of centre of carine 
(that portion of a vessel which is below the water-line, when Seating in any poaition, whether 
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upright or inclined) and the metacentre. both when the vessel was upright and also when heeled 
OTer at variouB angles up to 20^, from wnicb the following Table was obtained. 





Draught 

to lowett 

point of 

immer- 

aiOQ. 


Displace- 
ment of 
oar^ 
P. 


Dietanoe of centre 
oicarine: 


Height 
of meta- 
centre 
over 
centre of 


HelRhtof 

centre 
of gravity 
to water- 
line^ 
-f-over 
— under. 


Height of 

centre 
of gravity 

over 

centre of 

earin€» 

a. 


Value of 
p-a. 


Moment 

of 
sUbUity, 

M. 


Momen- 
tum of 
laHa, 

M'. 


Valoe 


Inclination. 


To water- 
line. 


To 

longitn- 
dinal 
plan. 




Vessel upright 
Inclined 5^ .. 

»» 15 . . 
„ 200.. 


m. 
6-750 
6-765 
6-795 
6-840 
6-92 


toniL 
8368 

» 

» 


m. 
2-875 
2-90 
2-95 
303 
3-12 


m.. 
0-0 
0-42 
0-73 
1-02 
1-29 


m. 
5-85 
4-05 
3-40 
3-30 
3-48 


-0-58 
-0-60 
-0-62 
-0-65 
-0-70 


2-30 

2-31 

2*335 

2-875 

3-415 


m. 
3-55 
1-74 
1065 
0-925 
1085 


29716 

14560 

8912 

7740 

9079 


72766 

• * 

• • 

• • 

• • 


0-408 
0-209 
0106 
0-092 
0-107 



Vessels of this form are notable clippers ; but, for the sake of comparison, we will take a spread 
of canvas equal to that of an old three-decker with 3000 square metres, the centre- of effort oeing 
26*" -20 above the water-line. The Admiral then compared the moment of stability at various 
inclinations with that of vessels built upon the old system, and given in a Table in a most 
instructive work by M. Fr^minville, sub-mrector of the school of G€nie Maritime, entitled * Guida 
du Marine,' which is as follows :--> 



Names of Sbipa. 



Breslau,* 100 guns, with full complement 

Stores having been used 

Tage,' 90 guns, with full complement 

Stores having been used 

BresUu,' with rail complement 

Alceste,' 52 guns, with full complement . . 

Stores having oeen used 

Jeanne d*Arc,' 44 guns, with full complement . . 

Stores having been used 

Eurydice,' 30 guns, with full complement 
Obligado,' 10 guns, with full complement 

Stores having been uised 



Yaliieof 

theahipe 
indicated. 



082 
059 
0096 
078 
076 
0-067 
0053 
063 
051 
077 
065 
059 











Ratio of the stabiUty of Qie proposed abip. 

Fig. 616, to that of each of 
the veaeb named below, for tncUnatJona of 



NormaL 



times. 

5 

6-9 



4' 

5 

5 



25 

1 

37 



6-09 
7-59 
6-47 
8-00 
5-30 
6-27 
6-91 



Bdeg. 



times. 
2-55 



3 
2 
2 
2 
3 
3 
3 
4 



54 
37 
69 
75 
12 
94 
3i 
10 
2-71 
3-21 
3-37 



lOdeg. 



Um< 



29 
8 
11 
36 
40 
58 
00 
68 
08 
1-37 
1-63 
1-80 



isdeg. 



timea. 



1 
1 


1 
1 
1 
1 
1 



12 
55 
95 
18 
21 
37 
73 
46 
1-80 
1-195 
1-41 
1'56 



SOdeg. 



tImea. 



-30 
-84 
-12 
•37 
-41 
-60 
•00 
•70 
•10 
-39 
•64 
•88 



From these figures it will be seen that the stability of the proposed ship. Figs. 616, 617, 618, 
619, which has been calculated for a light cargo, or at least for a mean one, is eight times that of 
some of the old ships after the stores were used ; and if compared with the ' Tage,' with full com- 
plement of stores and provisions, the ratio is 4-25 times, the position of 616 being normal. But 
It is to be observed that at 5^ the ship. Fig. 616, has 5 per cent, less stabilitv compared with tho 
^Tage* with full complement, but 1-18 more after the stores have been used. It has also to be 
remarked that though the staoility is a wiinimnm at the angle of 15°, it rises afterwards, and at 
20^ is much higher. 

Admiral Paris is aware that the oomparison with *he ships mentioned is not so lair as would 
be one with old ships having "tumbling home" sides, such as the 'Royal Louis,' and so forth, 
designed by M. Ollivier in 1750, and suoh as that proposed by tiie Admiral formerly. These have 
a oarene like other ships—that ia to sav, 88*" long, 18" -20 beam, and 8" draught but the upper 
deck would not be proportionately so wide as the more modem vessels, so that the metacentre would 
be motionless, as in the old class of ships, as ^own in the work entitled * L'Art Kaval k Exposi- 
tion de 1867.* The plan first proposed, and here alluded to, was but a first step towards tha 
present anangement. 

It should nere be observed that all the calculations relating to the present proposed form of 
turret-ships have been made in reference to the lai^est, shown in Figs. 616, 617, 618, 619, and 
proportionately reduced for others, of which the lines and proportions are relatively the same. 

It may be of advantage to those engaged in the examination of such questions as that under 
present consideration to be made acquainted with the method pursued in the calculations to eoono* 
mize time and labour. 

The calculation of the centre of oarhie for a ship when inclined is exceedingly tedious, where*» 
fore the writer employed a term called the mean section^ which is obtained by taking the arithme* 
tical mean of the ordinates to each water-line, and setting off the height an obiBkined in thia 
manner. Then is the centre of oarine situate m the centre of this figure, «• oiay be proved by 
arithmetically calculating a centre of carine according to Stirling's differential method, as employed 
by the Swedish constructor Chapman, the French naval wchitect dairbois, and now adopted by 
naval aichltaots generally. 
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Figs. 620, 621, 622, 623, represent one of Captain Oowper P. Coles' turret-ships lately designed: 
this is a yessel of 4272 tons, or abont the same as the *■ Bellerophon,' but with low fireeboard from 3 ft. 
to 4 ft. out of the water. Her length between perpendiculus would be 320 ft. : beam, 53 fk. ; two 
turrets, with guns 12 ft. above the water and 11 ft. horizontally from the sea. Between the turrets 
a deck-house is built, of the ordinary scantling of an iron ship, extending towards the vessel's sides 
at an angle that allows the turrets to cross their fire at 68° on the oeam, and commanding an 
uninterrupted flro around bow and stem. This deck-house may be one, two, or three stories high, 
according to the accommodation required — ^in the present instance it is two stories high, sur- 
mounted by a hurricane deck 22 ft. out of the water. In the upper or second story, 6, b, 6, good 
accommodation is provided for the captain, the dining cabin being 24 ft. by 13 ft., with a suite of 
cabins in proportion, a commander's cabin, a wardroom, and four other cabins for officers, office, 
galley for the officers, a sick bay, baths, and w.cs. for both officers and men. The cabins and 
apartments on this deck would receive light and air from ports 2 ft. square, and 18 ft. out of the 
water, besides ventilation from the hatchways oommunicatins with the hurricane deck. The 
lower or first story, c, c, c, wotdd have mess-tables for 300 men, her fighting complement, a galley, 
midshipmen's, engineers', and warrant-officers' berths, besides foui* cabins for officers. Tbu deck 
wotdd receive air and light by means of ports 18 in. square, 11 ft. 6 in. out of the water, beside 
hatchways. All the hatchways on this deck leading below would have the means of being closed 
and kept water-tight the same as in moniton. The remaining nine cabins for officers would be 
on the lower deck, which corresponds with the * Captain's ' and ' Koyal Sovereign's,' receiving light 
from deck-lights, and ventilation by tubes communicating direct with the outer air through the 
deck-house ; there would also be provision made on this deck for messing 300 extra men, should it 
be required. 

From the central position of the deck-house, as well as the horizontal and vertical distance 
from the water to the ports, and openings in it, free ventilation will be ensured in all weatiiers, 
whilst the comfort and accommodation will be second to no vessel in Her Majesty's navy. 

From the form of this vessel above water, and the little resistance shown to wind or sea, tighter 
anchors and cables might be used than usual ; but in this case we will suppose them to be the same 
weight as the * Captain's * The cables would be led through fairleads at the edge of the bow along the 
upper deck, and through hawse-pipes, 8 ft. above the water, into the lower story of deck-house, 
where they would be worked by two steam capstans, one on each side, as in the *Boyal Sovereign.' 
The bower-anchors at sea would be stowed upon the deck without interfering with the firing or 
depression of the turret guns, and the spare anchors agaiost the deck-house. The anchors can be 
worked on the bow or stern with equal facility. She wotdd have the usual complement of boats, 
namely, two 42-ft. launches, two 32-ft. steam cutters, two 28-ft. life-boats, a captain's gaUey, and 
an officers' gig, which would be hoisted up by davits to the deck-house, and so azxanged that at 
any moment they can be turned inboard wnen firing at sea. 

Opinions will differ upon the (|uestion of masts ; but, after considering the report of our iran-clad 
squamron, as well as other practical evidence, firom which it appears that our snips as now masted 
are incapable as a fleet of manoeuvring under saU without the aid of steam, the balance of 
advantege is, in Captain Coles' opinion, against such useless masts and sails, and in favour of fuel 
being substituted for the weight thus gained. Masts may be desirable to assist in decreasing the 
rolling propensities of high freeboard ships; but for vessels of low freeboard, with their decr^sed 
rolling, the Captain maintains that we can afford at onoe to sweep away the masts, gear and 
rigging, as antagonists to the steaming and fightiag powers of war eJiips, and can at any time 
resort to temporary or small ones for rore and aft sails, such as ' Royal Sovereign' and * Frince 
Albert ' have, diould it be considered desirable. In the stowage of fuel, weight and space have to 
be considered. In this vessel every 100 tons would make a difference of lUMut 3 in. drought of 
water. In an armoured vessel the saving in weight, inherent to low freeboiud, and the absence 
of masts gets rid of the greatest part of the difficulty under the head of weight ; and the author of 
the design finds that, after giving ample accommodation, as before explained, for a crew of 
300 men, and extra accommodation for 300 more men, making in all 600 men besides the officers, 
she would stow upwards of 1000 tons of coals, and even more, at tiie sacrifice of 3 in. immersion 
for every 100 tons. 

The armament would consist of two turrets, with 13-in. armour, carrying four of the heaviest 
guns that can be procured, say 600-pounders, 12 ft. above the water; and two pivot-guns, if thought 
expedient, on the hurricane deck, 22 ft. out of the water: the latter may be found advantageous 
for firing down upon a ship's decks ; and it is believed a vigorous fire kept up by rockets and 
breech-loading rifles, from the position and height of this hurricane deck, would have a great 
effect upon an enemy's upper deck and open ports. Leaving the pivot-guns out of the question, 
the fighting powers of tms ship's turrets would remain as follows : 88^ of the cirele are com- 
manded by two 600-pounders, throwing a broadside of 1200 lbs., and the remaining 272^ by four 
600-pounders, throwing 2400 lbs. ; and it will be observed that this ship Qan engage end-on with 
two 600-pounders, and at 22^ from the line of keel, or only two points on the bow, with four 
600-pounaers, which would be her strongest point of attack; the importance of this is much 
increased when it is considered that all well-designed iron-clads will endeavour to present their 
bows to the enemy, when this ship would show the deflecting surface of a sharp protected bow, 
not more than from 3 ft. to 4 ft. out of the water, and a circmar turret 9 ft. high above it ; whilst 
in broadside-ships of approved model, a bulkhead some 20 ft. above the water is placed across the 
ship to protect tneir guns, which, when fighting end-on, presents a large and weak target at right 
angles to the enemv's raking fire, which might place their battery hors de combat before a chance 
of using their broadside-guns occurred. 

In comparing the defensive powers of Captain Coles' ship with the high and weaker sides of 
broadside-ships, and of the ' Monareh,' when we say that her sides and turrets would be protected 
with 13 in. ox iron, we give but a smiall idea of her great superiority, in some respects, over any 



higli fteeboud vessel yet bnflt, for her 1owii«b of freiboaid wUl give her uitagomata bnt k lony 

ch«iico of hitting hor, whilst her rteadier plitform will rednoe ths ohnncea of her being hit below 

the water-line to the minlmnm. Lowaeaa of fireebowd may be said to facilitate being txAtded ; 

but, Bitppodiig ftn enem; to 

get upon the turret deck, he ^^^ 

would have to take posgeasion 

of the deck-house, which, from 

ita position and height, " 

~ '1 as bein 

it difflculty. 

Twin sorewB and no masta, 
in combinfttion with the pecu- 
liar form of the vessel above 
water, showing so little reaiit- 
auce at har ends to the wind 
and setL, it is believed will 
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Tiled Brsastwork raoad ^uret and Tw<Mtory Turret. 



e thought 
instances to make the upper 
turrets of lighter iron "" ~ 
the lower ones, merely 
ing the guns mounted li , 
cm turn-tables by a light 
tnrret, protecting their "■ 
from riBee,mpe, and cai .. . 
BAY. Fn., Bait (de parte, 
(fo fmtlre) ; Gib, O^wig fOr 
T'lllrodtrFnuttr;lTiI..,Aptr- 
lura; Sfan, Abertura m una 

In builders' work, tbe space or extent embtsoed by mm mode of o<Histniotio&, as a boy efjoMi, 
which is the surface oovered by the jiristing filled in betweoi any two binding-joists ; taa,bag of 
roDj!^, which is the part filled in wiUi conunon taften between a p»lr of principal rafters. 

The openings between the suppcuts of a bridg4 are also cttlled bayt. 

BAY OF JOISTS. Fb., /'otiHint, AMiaiMagi dt OiarptnU; Gxb., FSBu/y, Faekutrk ; It&u, 
CommMittira ; Sfan,, Lui dt b-aattai. 

See Bat. 

BAY OF BOOFING. Fl, 3>in<Ad^i»m&fa; Geb., AicAituU/rt^ AidUiHm; Itai^&oi^^ 
timmto del letto; BPAH., Ztu dt ooberttto. 

See Bat. 

BEAD. Fn^Bagwfta; Gko^ Biefe oder Stab ; iT^JitragiJo ,■ Sr.^ Attragalo, Tatdlno ; JtrnmiiOa. 

A moulding on wood or other material, generally forming, in section, a part of a circle, is desig- 
nated a bead, which when on wood it is said to be itntck on if formed with a plane which ants 
tbe wood Into the shape required. 
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A bead <m the edge of a board, as shown in Fig. 624, is called a nosing ; if on the faoc^ bnt 
flush with tiie surface, and with one quirk only, as in Fig. 625, it is called a quirk-head. But if 
with two quirks, Fig. 626, it is oalled a doable quirk-bead; and if struck on the angle of a piece 
of work, Fig. 627, it is called a return-bead, 

834. e». 62e. €21. 628. 









A bead projecting beyond the surfiMe, Figs. 628, 629, is oalled a cock-bead, and sometimes 
9k cocked bead. 

Bead and Batten WorA.~ An expression used by carpenters to denote a rough style of work 
composed of battens with a bead run along the edge in the direction of the grain of the wood. , 

Bead^iutt. — A term in joining applied to work framed in panels, when the latter are flush with 
the framing and a bead is struck or run on two sides only of the panel in the direction of the 
grain of the wood. The ends of the bead are made to stop or outt against the rails. See 

DOOB. { 

Bead- flush, — A term applied to framed work, which differs from the last, in having the 
bead run on the framing instead of on the pand, and in being all round, instead of on two sides ^ 
only. 

BEAM. Fb., Poutre; Ger., Balken, TrSger; Ital., Trave; Span., Viga^ Tirante. 

A beam is a piece of timber or metal, or both combined, used for sustaining a weight, or coun- 
teracting forces oy tension and compression in the direction of its length, and by widening and 
narrowing in the directions of the breadth and thickness. 

The word beam in builderB' work is most frequently subjoined to another word, used adjeo- 
tiyely or in apposition, to show its use or form, as binding-beamy box-beam, built-beam, oamher-beam, 
ooUar-beam, hammer-beam, dragon-beam, straining-beam, tie-fiam, trettis-beam, trussed^bedm, and so on. 
Bee Stremoth of Matebials. 

BEAM-FILLINQ. Fb., Mafonnerie de rempiissage au niveau des poutres; Gib., MauertBerk 
Mwischen der Baikenlage; Ital., Riempimento ; Span., Belleno, 

Masonry, brickwork, or concrete fllled in from the level of the under-edges of the beams to that 
of their upper edges, is known as bemn^fiUinq, Beam-filling occurs either between joists or floor- 
beams, or in filling up the triangular space between the top of the waU-plate of the roof and the 
lower edges of the rafters, or even to the under-eurfaoe of the boarding or lath for slates, tiles, or 
thatching. This operation is necessary in garret-rooms, where the walls form sides of apartments, 
and where the tie-beams are placed above the bottom of the rafters. 

BEARER. Fb., Lieme; Gbb., Bindesparren ; Ital., Sostegno, Foriante; Span., Cadena. 

Generally, this term is applied to any member of a structure which has to support a weight 
above it, as the joists in a flat roof, or the short pieces nailed to the rafters to support the gutter- 
board in a roof-vallev. Fig. 630. 

The term may also be applied to any beam, whether of wood 
or iron, placed horizontally, which has to support a weight above 
it, as to a bressummer, which is only a particular application of a 
bearer. 

BEARING. Fb., Colkt; Gkb., Lager; Ital., CoOetto; Span., 
Punto de apoyo. 

Bearing of a girder or beam is the portion of it which resto on the supports. 

Timbers or bntels let into a wall have usually a bearing of 9 in. at each end ; stone stops 
should also have a bearing of 9 in. 

The bearing of joists or other beams supported at both ends is regulated by the resistance of 
the material to crushing. A bearing of 4} in. on the sleepers or wall-plates is usually considered 
sufficient in ordinary dwelling-houses. 

Girders and beema are said to have a solid bearing when supported throughout their whole 

length. But in the case of sills, and so forth, when not so supported, they are said to have 

a false bearing. 

The bearing-distance is the misupported part between the bearings. 
BEARING OUT. nr- r- --0 

This expression, generally applicable to new work, is used by painters to imply that a third, 
fourth, or flith coat of paint has oeen so fully and evenlv laid upon the previous ones, that the 
original colour of the body, the knotting, the priming, and the under-coats, cover well, and give no 
sign of disfiguring the glossy surface of the finishing coat. 
• BED. Fb., Semeile ; Gkb., Tragseite ; Ital., Corso, 

In masonry and brickwork is the upper and under side of a stone or brick. In arch-stones the 
beds are the joints which radiate towaros the centre. In slates the under-side is the bed. 

Stones are usually specified to be laid on their quarry-bed, that is, the same relative position they 
had before they were quarried. 

In builders' measurements the term beds and joints is used to designate all the parts of a 
stone covered in the work, in contradistinction to the face. The term also includes the back, if it 
be measured. 

BEDDING TIMBERS, thb fbogbbb or. Fb., Poser les racinaU ; Gkb., Legen der GrundhdUer ; 
Ital., Fare il letto aUe travi. 

Bedding Timbers. — ^Laying them on a waU or otherwise on a bed of mortar, cement, or putty, so 
that the bearing may be solid or uniform throughout. Wall-plate^ and sleepers are bedded in 
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A bed-plaUi or bed-piect ia the priDciinl or fonudeitioti fraimiig oi piece, in nuchinery, by which 
other parts are supported ana held in place; ths bed. It is also called the baie-ptate and the 



le need to produce figured labric* 



thig my. Oaie shoold be taken when bedding timbers to allow a free oiicnlatiMi of air around 

them, otherwise the; ore liable to rapid decay, particnlarlj if in contact with lime-mortaj in a 
moist state, as the hydrate of lime in the mortar abrtract* the oubonio acid gsa from the wood, 
which hastens its decay. 

Beddins Stim*.— Bee BrrrlKO. 

BED-PLATE. Pb., Pkuptt da fondation; Gbb., Orvndplattt; Ital^ Pitatra di } 
Spin., Plancha dad ' ' 

the 
tole-platt. 

BEETLS. Fb., XaiBet; Oeb^ HoliBchlega ; Itai^ Maiaalo; Bpah., Maieta. 

Beetle ia a name given to a beavy mallet oi wooden hammer, osed to drive wedges, beat pave- 
ments, and the lite. The term beetle \» also applied t< " ' " * ' ■ - ■• . .^ ■ 
by pressure ttom oormgaled m- indented rollers. 

BSLL. Fe., Oache; Ont., Qtocit; Itau, Campma; Spait., 
Campaaa. 

A bell is a hollow metallic veasel, which gives forth a dear, 
mnsica], ringing sound on being properly struck. The most comnoti 
form of belt is shown in Fig. 631. In this form it is expanded at the 
lower part, ia fumlBbed at the top with an ear t, for the purpose of 
suspension, and has within it a tongue or clapper T, by the blow of ^ 
which the sound is produced ; 8 B, straps which secure the bell to the ^ 
rook-shaft F, F ; B is the bell-rope, and W W the vibrating wheel. 

Another form, especially of small bells, is that of a hollow body 
of metal perforated, and oont^uing a loose solid ball, to make a sonnd 
when it is shaken. 

In the formulas. Table I., D = the diameter of the bell at the 
month, in inches ; d -^ the diameter of the bell at the crown ; A ^ 
height of the bell from the month to the crown ; S = the thickness of the sound-bow, in 
W= weight of Uiebell in lbs. avoirdupois (7000 grains = I lb. aToirdnpois, and 5760 grains = i lo. 
Troy) ; n = the Dojnber of vibrations a second, corresponding with the key-note of the bell, see 
Table XL : A — the coefficient, expressing the relative thickness of the sound-bow to the diameter of 
the bell— it varies from '07 to '08. In peals of bells the sound-bow is generally put, S — -08 x D 
for the triple ; B = ' 07 x D for the tenor ; and the intermediate bells in the peal, pioportioiu lying 
between tnese for the reipeotive sound-bows. 
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In this case *= '07, and n = 152-25, Table IL 
D, the diameter = 58000 ^ = ^5^^^^^^ = 26) in. [llJ^bleL 
f'smnfifa 1.— Bequired the key-note of a bell with D = 44 In., andB = S'S2 in. 
[4]. n = 58000 x^, = 68000 ^ = 105-45. 
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In Table II. the nearest nutaiber 105*45, in the first octave below sero is 107*63, whioh answers 
to the key-note A. 
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A SlOQNB = n. 








Bam. 


1 


Tbkblb. 




Key-Note. 






c< 


« 






SrdOcUve. 


2nd Octave. 


let Octave. 


let Octave. 


and Octave. 


Srd Octave. 





16*000 


32*000 


64*000 


128*00 


256*00 


612 00 


c« 


16*947 


33*895 


67*790 


135*58 


271*00 


542*32 
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17*960 


85-920 


71*840 
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287*36 
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D» 


19027 


88*055 


76* 110 


152-22 


804*44 


608*88 
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40*318 


80*636 


161*27 


822*54 


645-09 
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21*357 


42*715 


85*430 


170-86 


341*72 


683-44 
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22*627 


44*255 


90*510 


181 02 


362*04 


724 08 
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23-972 


47-945 


95*890 


191*78 


383*56 


767 12 


G« 


25*398 


60*797 


101*59 


203*19 


406*37 


812*75 


A 


26*908 


53*817 


107*63 


215*27 


430-53 


861*07 


A« 


28*508 


57 017 


114*03 


228-07 


456*13 


912*27 


B 


80*204 


60*409 


120*82 


241*63 


483*27 


966-54 





82*000 


64000 


128*00 


256*00 


612 00 


1024 



Example 5. — A bell has to be cast with the key-note C in first ootaye below sero ; required the 
diameter D, when the weight = 6661 lbs. 

We find in this case n s 64, Table IL 
.-. [91 Table I., D = 21-947 V^^= 69-84 in. 



ExampU 6.— What is the 

fla64? 



(S) of the Bonnd-bow of the beU in Example 5, D s 69*84 ; 



«_^ r,«, m 1^, X o «B» 64x(69-84)> , „„ , 
From [121 Table I., S = =t:t^ = =~rr — - = 5-88 in. 



68000 



68000 



Table m. 



1 
2 
I* 

^ 

4 

4* 
5 

Ci 
6 

6| 

7 

7| 

8 

8-74 



Ordinate y. 







1 
1 
1 












4142 
686 

•867 

•974 
025 
030 
000 
955 

-875 
775 
665 

•530 
390 
235 
075 

•780 



TmcKni ow Mral. 



8 = 1. 



•800 
•663 
'647 
•474 
•423 
•880 
-851 
•327 
•801 
•291 
•286 
279 
•272 
•267 
-833 



8=>0TD. 



•700 
•560 
•459 
•882 
•831 
•295 
•266 
•245 
•228 
•211 
•203 
•200 
•196 
•190 
•186 
•233 



8='075D. 



750 
600 
-490 
-410 
355 
817 
285 
263 
245 
-226 
-218 
214 
209 
204 
200 
250 



8=-oeD. 



•800 
•640 
•622 
•437 
•879 
•838 
•804 
•281 
•261 
•241 
•233 
•228 
•223 
•217 
•218 
•266 



Exampte 7.— If D = 50 in., d = 27 in., A = 86, and 8 s 4^, what is the weight (W) of the bell? 

From [171 Ta^^e I-i W = DdS (5 - •0002816(0 + '00375 AtfsS = 60 x 27 X 4 (4*9928968) 

+ 893-66 = 8092- 18936 lbs. 

When a bell is to be oonstmoted, we generally have the weight or key-note given, the diameter 
and sound-bow are calculated by the preceding formulas and examples, and we may then proceed 
with the construction, shown in Figs. 632, 633, 634. 

The diameter of the bell at the mouth is divided into 10 equal parts, called strokes, which then 
is the scale and measurement for the construction. 

Shrinkage to be allowed for ^ths of an inch to the foot. 

The section of a bell is geneiaUy laid out on a piece of board represented by the lines a, 6, e, d^ 
whioh then is cut out and ^ed for tummg up the mould for the beU. The board should be about 
11 strokes long, and 2*6 strokes wide. Throu^ the centre of the board draw the line p, 9, parallel 
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to 6, c ; bisect the line p, q, and set four (4) strokes from the bisecting point towards each aid ; divide 
the strokes into halves, and number them as shown on the aooompanying drawing, Fig. 632. Through 
each division draw lines at right angles to p, 9, set off the oorreeponoung ordinates y expressed in 
strokes, Table III., and join them by a curve-line, which then will be the centre of thickneiw of 
metal in the beU. 




638. 



634. 



633. 



At the end of the first ordinate, as a centre, draw a 
circle with a diameter equal to the desired thickness of 
the sound-bow, which should be from 0*7 to 0*8 stroke. 
At every succeeding ordinate draw a circle with the 
diameter noted in Table m. : for instance, if the thick- 
ness of the sound-bow is 4| in., then the thickness of 
metal or diameter of the circle at the third ordinate will 
be4-5 X 0-474 = 2133 in.; but if the sound-bow is 0*7. 
0*75, or 0*8 stroke, the thickness of metal at the third 
ordinate will be 0*331, 0*355, or 0*379 stroke. When 
all the thicknesses are thus drawn, draw the two lines 
tangenting the circles on each side of the centre line of 
the metal. 

From to 1 make a moulding of 0*1 stroke thick 
over the line, as shown in Fig. 633. Prolong the 
6} ordinate, and set off 1*79 stroke to 0, which then is 
the centra for the curve on the top; draw the aro 
through the centre of the small cirole at the eighth ordi- 
nate ; join tf, 8, set off from «, 0*46 stroke to the centre 
for the inside curve at the top. 

Thickness of metal of tne top should be 0*3 the 
iound-bow at 8, and 0*333 at r. Draw the ordinate at 
8-74, set off 0*78 to r, jom r and the abscissa 8*48, and 
prolong the line througn r ; then finish the drawing, as 
shown in Fig. 632. 

When the board is cut out and ready for turning the 
mould, it must be carafullv set, so that the outside 
diameter of the crown will be half the diameter of the 
mouth of the bell. 

This form of bells gives the greatest possible gravity of tone with the least possible quantity of 
metal. BeUs can be made almost in any fonn without seriously affecting the quality of tone ; but 
the thickness of metal should always be in proportion as the square of the diameter, taken at the 
centre of the metal, as in Fig. 684. 
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Tablb IY.— Propobtionb or a Psal or Exgbt Bklls. 



BflU. 


K67-Note. 


n. 


ft. 


ain. 


D.IIL 


W.Um. 


Oapper. 


Tenor .. 


D 


71-84 


0070 


8-95 


56-5 


3156 


llM. 

63 


2nd 


E 


80*64 


0071 


3*62 


61 1 


2366 


48-6 


did 


F» 


90-51 


0072 


8-32 


46-1 


1765 


37-2 


4th 


G 


95-89 


073 


8-22 


44-2 


1575 


34-1 


5th 


A 


107-63 


0075 


308 


40-5 


1262 


28-1 


6th 


B 


120-82 


0077 


2-85 


370 


976 


22-4 


7th 


o» 


135-58 


0079 


2-67 


33-8 


763 


18-2 


Triple .. 


D 


143-68 


0-080 


2-58 


32-3 


673 


16-8 



Clapper. — ^The weight of the clapper ahonld be from -^th to ^th the weight of the bell ; the 
amaller bells take the largest clappers. 

The tracing of bells lests upon a fixed basis, called the Beli-acale, or Jacdb*9 Staff, the result of 
long experience, and handed down from generation to generation among founders. It depends upon 
oertoin proportions which, like the modules in architecture, serve to regulate and to harmonize the 
different parts of the bell. The 6019, or, in other tenni^ the thickest part of the bell, constitutes the 
principle of all the measurements. 

The following Table, which we bonow from H. Guettier's work on Casting, gives the diameter 
of bells, and the thickness of the bow, from the weight of 3 kilos, to 12,000 kike. It is nothing 
more than a scale, presented under another form and in metrical measure. 











Tarlb V. 








Weight 


ThkkiMH 


Large 


Wdgbt 


Thlckneaf 


Lftrge 


Weigbi 


Thidmeaa 


Large 


of Belli. 


of Bow. 


DUoneter. 


of Bella. 


of Bow. 


Diameter. 


of Bella. 


of Bow. 


DUmeter. 


8 


•008 


•120 


200 


•047 


•705 


8500 


•123 


1-845 


4 


-Oil 


•165 


250 


•050 


•750 


4000 


•128 


1-920 


5 


018 


•185 


800 


•055 


•825 


4500 


•134 


2 010 


6 


•015 


•225 


350 


•058 


•870 


5000 


•137 


2-055 


10 


•019 


•285 


400 


•060 


•900 


5500 


•141 


2^115 


15 


•021 


•315 


450 


•068 


•945 


6000 


•146 


2-190 


20 


•022 


•330 


500 


•065 


•975 


6500 


•150 


2-250 


25 


•023 


•345 


60d 


-068 


1020 


7000 


•154 


2-310 


80 


•025 


•875 


750 


•074 


1110 


7500 


•158 


2-870 


85 


•027 


•405 


1000 


•081 


1-215 


8000 


•160 


2-400 


40 


•028 


•420 


1250 


•087 


1-305 


8500 


•164 


2-460 


45 


•029 


•435 


1500 


•093 


1-395 


9000 


•168 


2-520 


50 


•030 


•450 


1750 


•098 


1^470 


9500 


•170 


2-550 


75 


•034 


•510 


2000 


•103 


1-545 


10000 


•173 


2-595 


100 


•037 


•555 


2250 


•108 


1-620 


11000 


•181 


2-715 


125 


•040 


•600 


2500 


•110 


1-650 


12000 


•190 


2-850 


150 


•043 


•645 


2750 


•114 


1^710 








175 


•045 


•675 


8000 


•117 


1-755 









93%, 



Several methods are employed for tracing bells. The one mostly used in France gives 15 
thicknesses of the bow to the diameter, 7h to the diameter of the crown, 12 to the line joining the 
lower ridge of the bell and the base of the crown, and finally 82 to the great radius serving to 
trace the profile of the bell proper. Fig. 635, where each line of construction has its dimension 
marked — the thickness of the bow being taken as unity — will be sufficient to show how the process 
is carried out. 

BELL-CRANK. Fb., Zevier hria^; Gkb., WinkelheM; Ital., Zdnoa; Span., CtgUdia, 

An iron or brass lever in the shape of a Quadrant of a circle, attached to an iron holdfast 
which is driven into a wall, receives the name of bell<crank, because it is used to connect bell-wires 
at the angles or comers of a room. Any rectangular lever, Fig. 636, by which the 
direction of motion is changed through an angle of 90°, is termed a bell-crank. 

BELL-HANGING, Domsno. Fr., Pou des tonnettes ; OxB., Befestigen der GUh 
ekenzUge in den Wohnhduaem ; Ital., Mettere i campaneiU. 

The art of domestic bell-hanging is quite modem. It is believed not to have 
been in practice much before the present century. Within the writer's recollection 
it was usual, in even the best houses, to expose the wires to view along the walls and 
oeilmgs, in the angles of which they were fixed, sometimes to the great disfigurement 
of the room. Within late years the '^secret system" of bell-hsnging has been introduced, which 
consists in carrying the wire and cranks in tubes and boxes concealed by the finishings of the 
walls. The tubes are usually of tinned iron or sine ; but they ought to be either of brass or strong 
galvanized iron. Zinc is not to be depended upon. In some places it will moulder away. If not 
soldered, it opens, and the wires work mto the joinings of the tube, which stops their movement. 

The proper time to conmience bell-hanging is when the work is ready for lathing ; but it should 
not be delayed after the rough-oast plastering has commenced. If the work be performed at this 
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period, it «oftblea the bell-hu^^ to tee hii way more cleuly, and prevents mTicli enttlng vnj of 
the plutsisT^ mA aRenrnda. 

The bell-baud is UBOftU; placed in BomeaonipicnoiiiplBce, where the bellacmn be both wen and 
heard b; the Mtendtnt. It should be painted white, and each bell ihould be de«igii>ted b; a letter 
cf number Minted on the bord. 

BELL-H&TiX. Fb^ Mftal Oa dock*; Qui., Glocketunelaa ; IrAU, Leja deUi oampau* ; 
Bfan ., MettJ campantt, 

A good averaee beU-«innpoHitioii b 75 tt^pei, 29 tin; 80 of tin to 100 oopperit also kgood pro- 
portion. Large bells are cast of BO oopper, 6 mad, 10 tin, 4 lead. A Ter; floe large bell consisted 
of 71 ooF^KT, 26 tin, 2 zinc, and 1 inm. No deflnita ratios, however, between the metsli of which 
Ml-metal ia composed have aa yet been eatabltshed. See Allots. Coffkb. Tof. 

BELLOWS. Fb., Souffiet; Okb., Blaitbalg; Ital., Mantiet-, SpaH., FutHt. 

A belloai ia all instniment, ntensil, or msiohine for propelling air thiongh a tabs, for varioni 

Eirpoeea, as bloving flree, filling the pipea of an organ with wind, and so on. The common bellowa 
formed of two bouda, Fig. 637, with a akin of leather I nailed to their edgea and hanging loosely 
between them ; thoa fuming a aort of chamber, which ia capable of being enlarged at oonttaeted 
at pleHBDre. To the bwer bcwd it fixed a metal nozile n, oommmiicating with the wind-dwmbOT; 
and thia beard ia alao fmnldied with a dack-md'ot, c, for the admission of air. 

The blast obtained by means of the oonunon bellows ia intermittent ; and if a continued blast 
is reqoired, a bellowa with a doable ohamber and an additional valve is necoaoary. The long shapo 
Ibrge-beUowB, Fig. 638, is a bellows of thia description, having an extra chamber a and an extra 
valve b. The centre-board d abonld be a flitnre ; the noiile connected with the npper ohamber ; the 
npper beard loaded or made of heavy T^^^''""^'^, and the lower boaid moved wlien in on. The two 
valvM should open alternately. 




» lifts the bottom fiap of the bellows, which Calls by its O' 



flap force* the blast through the pipe / to the fire. 
Donble-blast bellows are freqnently made of a i 

S is the frame ni^icvtiiig the bellowa £, which ia worked by the handle U oommunicating 



> frequently made of a oinular shape. Fig. 640 shows this arraiige- 



with the lever 8. p,p are weights attached to the lower board o, and » the nozile fixed b 
oentie-board. An anangemmt tbr obtaining a continuona blast of air by the weight and easy 
movement of a person standing on two bellows, and resting hia weight alternately on them, 
invented bv Henry Nenmeyer, is shown in Fig. 641. It consiata in oonstmcting two bellows BB, 
•onneoted by a rope C, and fastened to a oentin-bcard A. These bellows rising and falling alter- 
nately, by means of valvea properly ananged keep the wind-duunber F filled. 
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BELL-TBAP. Fb., Pommette de jmUard; Gkb., Soit vn SenJOw^; Ita , Chiavica a UmOa 
Scoria, . 

A small aiencK4rapj from 3 to 6 in. diam., Fig. 612, usually fixed over the waste-pipe of a sink 
or other inlet to a drain. The fonl air is preyented from rising by an inyerted cup or bell, the lipe 
of which dip into a chamber filled with water snnounding the 
top of the pipe. •**• 

The gniting to which the bell is attached should neyer be 
fastened down, as the caning between the lip and side of the 
pipe frequently becomes choked, and it is desirable to have 
the means of freeing it. 

The bell should be made to dip deep into the water, to 
prevent the foul air escaping. In^erfectly-constructed beU- 
traps, by permitting a communication from the sewer, and 
so contaminating the air of the dwelling, is the cause of more 
nnhealthiness to the occupants than is commonly supposed. See Dbaihaos and Stkvoh-tbaps. 

BELTS. Tbansmission or motion bt xbaks of. Fb., Cowrroie; Okb., JSiemen; Ital., 
Coreggia ; Span., (7tn<ura, Oorrea, . 

There are two theories upon which the transmission of motion, by means of endless belts or 
cords, are founded. The first, that of M. Prony, relatiye to the sliding of a cord or belt upon the 
surface of a drum ; the second!, that of Poncelet, refers to the variation of tension in the two parts 
of the belt or cord employed in these transmissions. 

Morin proved, by special experiments, the consequences of these two theories ; we give a 
succinct account of the results of these researohes. 

In explaining the first of these theories, with respect to the slipping of belts upon cylinders, 
let us consider a belt or cord enveloping a portion of the surface of a cylinder, and acted upon at 
one end by a power P, and upon the other by a resistance Q, 
Fig. 643. It is clear tnat, to produce slipping of the belt, the 
power P should be equal to the resistance Q, increased by the 
resistance opposed by the friction of the cord upon the suifftce of 
the cylinder. Let us seek to determine this friction. 

For this purpose, we consider the two consecutive elements a 6 
and 6e of the oelt, and call T the tension of the cord in the 
element ah; T* the tension of the cord in the element 6c. It is 
evident that the tension T' exceeds the tension T by an infinitely 
small quantity i, which is piecisely the measure of the resistance 
opposed by the friction ; we have then T' = T + < : and passing 
from one element to the other, from the point n of contact of the 
direction n P, where T = P, to the point m of contact of the direc- 
tion m Q, where T = Q, the sum of all the increments of tension 
produced by the friction at the momoit of slipping, will give the total tension. 

The friction or elementary increase of tension t, from the element a 6 to the element he, iB 

produced by the pressure resulting from the component of tension T', normal to the surface, which 

is T sin. a, calling a the infinitely small angle at the intersection of the two elements a b and 6 c, 

or simply T a, since T diifen by an infinitely small quantity from T', and the sine a from a ; wa 

g 

have then i s/.Ta = T/ ^^ /being the ratio of the friction to the pressore. 

The sum of all these increments of tension, taken from the point m, where T = Q, to the 
point ft, where T ss P, leads, according to analysis which we will presentiy discuss, to the fonnula 

a 8 8 

log. P = log. Q + 0-434/ g, or P = Q x 2-718^» = Q« ''», 

8 being the total leogth embraced by the cord, and R the radius of the circle. 

We see by this expression that the tension of the motive power increases from P = Q, answering 

to S = 0, proportionally to the opening of the angle ^ , embraced by the belt, and not to the 

absolute extent of the arc; which shows, from theoretic considerations, that for an increase of 
the friction of slipping of cords or belts, it is not essential to enlarge the diameter of the cylinder, 
but that the proportional part of the circumference to be enclosed imould be increased. 

The preceding fonnula relates to the case where the power P is to overcome the resistance Q, 
and consequentiy, besides this, to surmount the friction of the cord or belt upon the drum. When, 
however, as is frequently the case, the force P is to yield to the foroe or weight Q, for moderating 
its action, or resisting it altogether, as, for example, in the lowering of goods, the friotkm acts in 
favour of the foroe P, and we have 

log. P = log. Q- 0-434/. |, or P=r — ^-^ . 

2-718^* 
Such are the relations which theory indicates between the forces P and Q, the are of contact, the 
rsdius of the drum, and the coefficient of friction. It remains to determine by experiment the 
coirectnees of these relations. 

FxperimenU upcn the Slipping of Ccrde and of Beite upon the Surface of Wooden Vrume. and of 
Casi^ron Pulleys,— Vor this puniose Morin inade use of three wooden drums, with diameters 
of 2*741 ft., 1-338 ft., and 0*328 ft., placing them horizontally in a fixed position, so that they 
could not torn, and over them was passed a oelt of black oumed leather, neariy new, but having 
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aoqnired a certain pliabllilr from previoiu ine. Its breadth was * 164 ft., and thickneoB ' 173 ft. ; 
its rigidity seemed so feeble that Morin found himself justified in neglecting it in its ratio to tha 
fhotion of slipping npon the surface of the dmm. 

The two stripe of the belt hung yertiodly in equal portions on each side of the drum, and to 
each of them was attached a scale to receive the weights. The belt weighed 5*06 lbs., each scale 
0*5 lb. ; oonsequenUj, the weight of each strip, of equal length, was, with its plate, 8*031be. 
The arc embraced was equal to the semi-circumferenoe. At ftrst, equal weights were put in the 
scales, then gradually was added to one of them the weights necessary to make the belt slide upon 
the drum. 

We see from this, that the tension Q of the ascending strip was equal to S'OSlbe. plus the 
weight contained in the oorrespondinf scale, and that the tension P of the descending strip was 
equal to Q increased by the weight acMed, over and above the primitive load. 

This established, the preceding formula becomes 



whence we deduce 



log. P = log. Q + 0-434/. I, =log.Q + 0-434/x81416, 

log. P - log. Q log. P- log. Q 
'" 0-434 X 81416 1-363 



By introducing in this formula the values of P and Q furnished by experiments, we are enabled 
to calculate the different values of the ratio / of the friction to the pressure, and to be assured that 
theyoonfirm the theoretic consequences which we have unfolded. 

The two following Tables contain the results of the experiments : — 

EXPEBIMBNTB I7F0K THS FbIOTZON 07 BSLTS UPON WoOD DbUXB. 



Width of 
BelU 



0-164 



OoDditkm of the 
Belt 



Dlimeter 
of DnuiL. 



0*164 



0-164 



Dry 

somewhat 

oily 



[ 



Dry, 

somewhat 

( ^^7 



2-741 



Length of 

Arc 
embnoed. 



4-306 



1*338 



Dry, 1 

somewhat > 
oily j 



0-091 



2-099 



0-328 



I 



Very dry 

and 

rough. 



2-741 



0-514 



4-306 



TsRHOH or THS Past. 



Rifling. Q. 



Ihfl. 

14-060 
14-060 
14-060 
36-114 
36-114 
36-114 
25-087 
25087 



14-060 
14060 
14060 
36-114 
36-114 



FaUing. P. 



Mean 

63-683 

69- 197 

63*242 

140-875 

140-875 

Mean 



Katloof 
FHctioo to 
Pnware,/. 



Iba. 




66-992 


0-497 


64-786 


0-486 


64-786 


0-492 


167-341 


0-488 


153-336 


0-460 


151-461 


0-458 


111 102 


0-473 


95-603 


0-426 



0-472 











472 
458 
607 
479 
433 



0-462 



/ 14-060 


73-608 


0-526 


14-060 


75-813 


0-541 


25-087 


91-252 


0-411 


/ 25-087 


98-975 


0-438 


25 087 


94-560 


0-422 


36-114 


161-827 


0-477 


V 86114 • 


168-576 
Mean 


0-490 




0-472 


( 11-911 


71-458 


0-570 


11-911 


72-560 


0-575 


22-938 


114-465 


0-512 


\ 22-938 


104-541 


0-483 


83-965 


137-622 


0-446 


\ 33-965 


136-519 
Mean 


0-443 




•504 



General Mean .. .. 0-477 
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EZPimifXNTS UFOH THE FbIOTION OV BeLT8 07 CuBRHD LkATHSB UF017 0A9r-IBON PULLSTB. 



Brwdth 

of 

Belt 



ft. 



0*164 



0*164 



0*164 



0*164 



Bute of Um 
Belt 



Dry. 

a little 
unotuouB 



1.^' 



little I 
[ nnotuooB J 



( 



a little [ 



! Moistened) 
with [ 
water J 



DUoneter 
of the 
Pulley. 



ft 



2000 



2*000 



0*361 



2*000 



dDbraoed 

a 



8*148 



8*143 



0-566 



8*143 



TBxaoM ov Srur. 



Aeoending 



lbs. 
14 060 
060 
060 
087 
114 
114 



14 
14 
25 
86 
36 



14*060 
26087 
25*087 
86-114 
36114 
58*170 



14-060 
14*060 
25087 
25 087 
86*114 
86 114 



25*087 
14-060 
14*060 
86 114 
86114 
47 142 



Deeoeading 
P. 



Iba. 
29-719 
86-996 
84-791 
64*566 
89-047 
82*436 

Mean.. 

35*286 
61-478 
57 067 
80-224 
80-224 
160-724 

Mean.. 

81*704 
40-525 
59-278 
68-095 
81-828 
81-328 

Mean.. 

68-095 

43-834 

43*884 

114-410 

127-643 

199-321 

Mean.. 



Ratio of 
Friction to 
Preesara/. 



0-338 
0*308 
0-288 
0-301 
0*282 
0*262 



0-279 




0-281 




0-284 












817 
3G1 
361 
366 
401 
458 



0*377 



Bemarka. 



This belt was old, hav« 
ing been used a long time 
in a spinning-mill. The 
pulley was not turned. 



This belt was new. The 
pulley was not turned. 



The pulley was turned ; 
its widtn was only * 098 ft., 
and so reduced the slipping 
part of the belt to *098ft. 



We see by the results of these experiments, in which the are of contact varied in the ratio of 
8*3 to 1 nearly, and where the tension has reached very nearly the limits assigned to the belts 
of machinery, that the value of the ratio /, of friction to the pressure, remained yery nearly 
constant. 

The three first series of the first Table fully confirm the theoretic considerations. The fourth 
series relates to a belt quite new, and yery stiff, and to this we attribute the small increase 
presented by it in the mean yalue. This belt haying, moreover, only a width of -091 ft., or about 
the half of the preceding, we see that tills last series confirms, as to belts, the law of the inde- 
pendence of surface. 

In the experiments of the second Table, the extent of arc embraced varied in the ratio of 6 to 1. 
the breadth of the belt pressed against the pulley in that of 2 to 1, the tension from 1 to 3 and 
from 1 to 6, and still the value of the ratio /, of friction to the pressure, remained sensibly constant, 
and equal in the mean, for the dry belt and dry pulleys, /a^ 0*2^ When the pulley ^raa 
moistened with water we had / = 0*377. 

Gmc/tttiofu. — In considering the results of these two series of experimoitB upon the friction of 
belts upon wooden drums and cast-iron pulleys, we see that we are justified in admitting that the 
ratio or the resistance to the pressure is : — 

1st. Indepoident of the width of the belt and of the developed length of the arc embraced, or 
of the diameten of the drums, or, what amounts to the same, are independent of the surface of 
contact. 

2nd. Proportional to the angle subtended by the belt at the surface of the drum. 

8rd. Ptoportional to the logarithm of the ratio of the tension of the strips, and expressed by 
thefoimula 



log 



/ = 



(I) 



1*868 



Experimmtt ftpon ihe VariaHon of the Teruion of Endkn Cordi or Belli iiMef in TVaiumitting Motion, 
— We pass now to an experimental proof of the theory given by M. Poncelet, upon the transmission 
of motion by endless cords or belts, and will first give a description of its nature. 
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When a oord or belt BOROirndB two ptilleys or dninu, between wbioh it is designed to maintain 
a oonioint motion, care is taken to giye it a enfflcient tension, which is nsnallj determined by 
trial, out which it wonld be best to calculate, as we shall see hereafter. The primitive tension is, 
at the commencement, the same for both parts of the belt ; and this equality, established in repose, 
is only destroyed by the friction of the axles, which may act in either direction, according to that 
of the motion of the pulleys. 

Let us examine now this motion is transmitted in such a system. Let C be the motiye drum ; 
C the driren drum ; T| the primitiye tension common to the parts A A' and B B' of the belt, from 
the moment when the drum begins to turn until it commences to turn the ^^ 

drum 0'. 

The point A of primitive contact of the part A A' advances, in senaratinff 
from the point A', in the direction of the arrow ; the strip A A' is stretched, and 
its tension increased by a quantity proportional to this elongation, according to 
a general law proved by experiment upon traction. — (See Lessons upon ' Beeist- 
anoe des Mat^riaux.') At tine same time, the point B of contact of the part B B' 
approaches by the same (quantity towards the point B', so that the portion B B' 
is diminished by a quantity equal to the increase of that of A A'. If, then, we 
call T the tension of the driving portion A A', at the instant of its bein^ put 
in motion, T' the tension of the driven part B B', i the ouantitv by which the 
primitive tension Ti is increased in the portion A A', and aiminished in tiie part* 
BB',we shall haveT = Tj + «,and T'= T, - *, and consequently T + T'= 2T,. 
Then, at any instant, the sum of the two tensions T and T' is constant and 
double the primitive tension. 

Kow it is evident that in respect to the driven drum C the motive power is 
the tension T, and that the tension T' acts as a resistance with the same lever 
arm, so that the motion is onlv produced and maintained by the excess T ~ T' 
of the first over the second of these tensions. 

If the machine is, for example, designed to raise a weight Q acting at the 
circumference of an axle with a radius B', it is easy to see, according to the theory of moments^ 
that at any instant of a uniform motion of the machine we must have the relation 

(T-TOBsQR'+ZNr, 

K being the pressure upon the journals, and r their radius. 

The pressure is easilv determined; for calling a the angle formed by the directions A A' and 
BB' of the belts with tn e line of the centres CO', M the weigh t of the drum, we see immedi- 
ately that N = VTM + Q + (T - T') sin. a]* + (T + T') cos.» a, an expression which, according 
to the algebraic theorem of M. Poncelet, has for its value a fraction eqiud to ^ nearly, when the 
first term under the radical is greater than the second, N t= 0*96 [M + Q + (T — T') sin. a] + 0*4 
(T + T') COS. a. This value of N being introduced into the formula for equality of moments, we 
have a relation containing only the values of the resistance Q and of the tensions. But as it 
may be somewhat complicated for application, observing that in most cases the infiuence of the 
tensions T and V upon the frictions will be so small that it may be neglected, at least in a first 
approximation, we proceed as follows : 

First, neglecting the influence of the tensions upon the friction, we have simply, in the actual 
case, N = M 4- Q, and consequently (T — T') B =s Q B' + / (M + Q) r, whence we deduce 

T Ti_ Q(B'+/r)+/.Mr ^^ 

which ftmishes a first value for the diiference of tensions, which is the motive power of the 
apparatus. 

But this is not sufScient to make known these tensions, and it is necessary to determine the 
primitive tension T', so that in no case the belt may slip. 

According to the theory of M. Prony, we have, at the instant of slipping, between the tension, 

T and T' the relation T = T' x 2 -718 + / ^ T' = E T*, the number E being a quantity depend 

A 

Gl 

ing upon the nature and condition of the surfaces of contact, as well as upon the angle ^ 

embraced by the belts upon the drum 0'. These quantities are known, and we ma^ in each case 
calculate the value of E by this formula^ or take it from tiie following Table, which answers to 
nearly all the cases in practice. 

B^ means of this Table, we shall have then the value of T = E T', and consequently T ^ T* 
s=(K — 1)T' = Q, Q representing the greatest value which the difierence of tensions should 
attain to overcome the useful and passive resistances. 

From this relation we may derive the smallest tension to be allowed to the driven portion of 

the belt to prevent its slipping : we thus have T* = • 

We should increase this value by ^ at least, to free it from all hazard of accidental circum- 
stances, and to restore the account of tne influence of the tensions upon the friction, which was 

neglected. This established, we have T = Q + ^ , and consequentiy 

_ T4-TV 1 E+_l 
•"" 2 "2 k-1^' 
All the circumstances of the transmission of motion will then be determined. 
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If these flrat values of T, T', and T| are not considered as safflcienUy oorreei, we may obtain 
a nearer approximation by introducing them in the value of the pressure N, and thus deduce a 
more exact value of Q, which will serve to calculate anew T', then T and T |. 



Ratio 


Yaujx ov the RAno K. 












of the Arc 










Golds upon Wooden Drams or 


embnoedto 


NewBelU 


Belt! in nsoAl Condltioa 


Moistened 


Axles. 


the Circum- 


upon 
Wooden 
Dnims. 






Belts upon 

CMt-iron 

Pulleys. 




ference. 


Upon Wooden 
Dnime. 


UponOui- 
Iron Pulleys. 


Rough. 


Smooth. 


0-20 


1-87 


1-80 


1-42 


1-61 


1-87 


1-51 


0-80 


2-57 


2-43 


1-69 


205 


2-57 


1-86 


0-40 


3-51 


8-26 


202 


2-60 


3-51 


2-29 


0-50 


4-81 


4*38 


2-41 


3-30 


4-81 


2*82 


0-60 


6-59 


5-88 


2-87 


419 


6-58 


3-47 


0-70 


900 


7-90 


3-43 


6-32 


9-01 


4-27 


0*80 


12-84 


10-62 


409 


6-75 


12-34 


5-25 


0-90 


16-90 


14-27 


4-87 


8-57 


16-90 


6-46 


100 


23-14 


19-16 


5-81 


10-89 


23-90 


7-95 


1-50 


• • 


• • 


• • 


• • 


111-31 


22-42 


200 


• • 


•• 


•• 


• • 


535-47 


63-23 


2-50 


• • 


• • 


• • 


■• 


2574-80 

* 


178-52 




Bxperimenta upon tf»e Fario^ibiu of Tensions of Endless B^is employed for the Transmisaion of Motion, 
— To verify by experiment the exactness of these considerations, Morin placed vertically above the 
axis of a hydraulic wheel, and of a pulley mounted upon its axle, a cylindri<»kl oak 
drum, 2*74 ft. in diamet^, and whose axis was 9*84 ft. from that of the wheel. 
Around this drum A'B\ and the pulley A B, was passed a belt which, instead of 
being in one piece, was in two parts, joined at each end by a dynamometer, with a 
plate and style, of a force of 441 Ids. Moreover, these dynamometers were easily 
secured in positions such that that of the descending portion of the belt was near 
the upper drum, and that of the ascending near the lower drum. Thus the belt 
oonld be moved over a space of 6*56 ft. without the risk of the instruments being 
involved with the drums. 

A thread wound several times around the oiroumferenoe of one of the grooves 
of the plate of each of the dynamometers, and attached by the other end to a fixed 
point, caused the plate to turn when the apparatus was in motion, and the paper 
with which tha plate was covered received thus the trace of the style of the 
dynamometer. 

The belt being passed over the two drums, the tensions of the parts were 
varied at will in either direction, by suspending at the cireumference of the upper 
drum a plate Q charged with weights. As to the primitive toosion, it was 
increased by bringing nearer together the ends of the belt, or in dimini«hing its length before the 
experiment. 

The apparatus being thus prepared for observations, before loading the plate Q, we traced the 
eirdes of nexure of each of the dynamometers, so as to have the tensions of the belt at rest, and to 
obtain by their sum the double of the primitive tension Tj. We may conceive that these two ten- 
sions can never be quite equal ; but that is not important, inasmuch as we have to deal only with 
their sum. 

This obtained, we load the plate with a weight which, being suspended upon the cireumference 
by a cord of a diameter equal to the thickness of the belt, has the same lever arm as the tensions. 
That part of the belt opposed to this weight is stretched, and the part on the same side is slack- 
ened, and we trace the new curves of the flexure of the dynamometers. 

For the same primitive tension we may make a series of experiments up to the motive weight, 
under the action of which the belt slides upon either drum. 

In these experiments facilities were afforded for allovring the two drums to turn a certain 
amount under the action of the tensions, so that we could realize the three cases in practice, to 
wit, that of the variation of tensions before motion was produced, that of the variation during 
motion, and finally, that of the slipping. 

The belt used in these experiments was very pliable, soft, and little liable to be polished in slipping. 
In calculating the ratio of the friction to the pressure for this belt, by means of experiments 3, 13^ 
and 19, we find respectively/ = 0*578,/ = 0-596, and/ = 0*544, the mean beiuff/ == 0*573. 

Bemarks upon the Besults contained in the foUowing raftfa.— We see that the first line of each 
series conresponds to the case where there was no additional weight, and where each portion of the 
belt took the primitive pressure corresponding to the distance apart of the axes. As the weight 
suspended from the drum was increased, the tension of one of the strips was increased, and that of 
the other was diminished; but so that their sum remained constant, as is shown by the fifth column 
of the Table. 

These results, which completely confirm the theoiy of M. Ponoelet, beine relative to tensioos 
whose sum reaches 198 lbs. and more, where the greatest rise as high as 169 lbs., and the smallest 
fall as low as 11 lbs., comprise nearly all the cases in practice, and 2iow ttat this theory may with 
safety be applied to the calculation of traiumiaiioii of motioiD by belts. 
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EXPKBIMBNTS UPON THE YaBIATION 07 THS TeNSIOKS OF EnDLESS BeLTB BKPLOTSD IH 

TRANBHITTINa MOTION BT PULLETS OB DeUMS. 



Number 

of 
Experi- 
ment. 



Weight 

naqieDded 

at the 

Chxnmferenoe. 



1 
2 
3 

4 
5 
6 
7 
8 

9 
10 
11 

12 
IS 

14 
15 
16 

17 
18 
19 

20 
21 



lbs. 




44 
59 


22 
44 
66 
97 



55 

110 


115 



55 

110 


110 
174 


88 



00 
61 
55 

00 
56 
61 
67 
54 

00 
64 
78 

00 
19 

00 
64 

78 

00 
78 
23 

00 
72 



Tsxnov ov THS Pake. 



Rising or 
stretched, T. 



lbs. 
88-57 
60-07 
63-14 

64-86 
75 09 
84-51 
97-96 
109-92 

73-73 

99-00 

117-77 

66-91 
103-78 

107-53 
130-05 
157 02 

97-24 
154-29 
170-67 

86-72 
134-84 



DesocDding or 
sUckeoed. T'. 



lbs. 



82 
12 
10 

57 
46 
36 
24 
20 

62 
41 



57 
15 

98 
70 
47 

88 
40 
43 

71 
44 



84 
84 
19 

41 

82 
26 
17 
76 

32 
53 
38 

94 
86 

91 
26 
57 

75 
78 
42 

34 
17 



Sam of the 
Tensions^ 

T + T' = T|. 



lbs. 
71-41 
72-91 
73-33 

122-27 
121-90 
120-77 
122 13 
130-67 

136-05 
140-53 
138-15 

124-85 
119-64 

206-44 
200-31 
204*59 

185-99 
195-07 
214-09 

158-06 
179- 01* 



1 



The belt slipped. 



The dynamometeiB mored 
about 3-28 ft. 



Ditto ditto. 



The belt slipped. 



Ditto ditto. 



* Besldei the load Q, there was suspended to the main cireomfiBronce of the floats of the wheal, at 8*06 ft fhm the 

azist A weight of 22*68 Ibs^ which broke the equilibriam. 

In conclusion, we would add that belts designed for continuous semce may be made to bear a 
tension of 0-551 lb. per '0000107 sq. ft., or * 00155 sq. in. of section, which enables us to deter- 
mine their breadth according tc the tniolmess. 

We giye^ from the * Journal of the Franklin Institute' (1868), an account of the experiments 
and comparisons of Robert Briggs and H. B. Towne, relative to tiie transmission of force by belts 
and pulleys. The residts so independently obtained bv these inyestigators will, we haye no doubt, 
be useful to those engaged in the construction and working of machinery. 

B. Briggs observes : — *^ There are few mechanical engmeers who have not been frequently in 
want of tabular information or readily applicable formulas, upon which they could place reliance^ 
giving the power which, under given conditions and velocity, is transmitted by belts without 
unusual stram or wear. The formula of the belt or brake is well known and simple ; and it is only 
necessary to acknowledge and adopt a value for the coefficient of friction (or of adhesion, which is 
perhaps the better term), to allow this formula to be applied in daily use. And this coefficient of 
friction has been carefully estabUshed by the experiments of (General Morin and M. Prony, and has 
been made available to EngUsh and American engineers, by the translation of Bennett. It must 
be remarked that there are some mistakes in the text of Bennett's translation, which will lead to 
serious errors, unless read by a careful investigator. 

'* With every point needed, therefore, at the command of the engineer, it is somewhat surprising 
that a more extensive publication and genexal use of the data has not followed. 

**But notwithstanding the existence of this correct matibematical and experimental information, 
the numerous tables which have been given by mechanical engineers appear to have had only that 
kind of practical basis which has come from guessing that an engine or a machine, either the 
driving or the driven, with a belt of given width, was producing or requiring some quantity of 
power, which might be expressed in terms generally without any stated arc of contact." 

The terms referred to are vulgarly called foot-pounds, but should be nominated units of work. 
See Pbinciple or Wobk. 

'< Three rules given bv prsotioal mechanics vary so much, as to give as bases fbr estimate 
(without regard to arc of contact) 0-76 horse-power, 0-93 horse-power, and 1*75 hone-power, 
respectively, for the power of a belt 1 in. wide running 1000 ft. per minute. 

''It was the requirement to know the exact useful effect of a novel disposition involving an 
unusual small arc of contact of the belt upon the pulley, where much embarrassment would result 
if the application proved itself unsatisfSactor^, that led to the present inquiry. As the writer was 
not able to give the time demanded for makmg such experiments as would establish the practical 
coefficient ol adhesion, he, Briggs, suggested what was desired to H. R. Towne ; and the numerous 
experiments, of which he gives the accompanying report, are the result of the labour and care of 
H.B. Towne. 
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'' It was not until after the ezperimentB were oompleted," flays H. B. Towne, '' that either he 
or R. Briggs kaeyr of the publication of M. Prony or General Morin, although Bet^netfa tianedation 
rested upon the Bhelve* of the writer's library ; but, aside from the gratification which we feel at 
the corroboration, we think the reader of this article will be pleased to know that our data is 
founded upon the ordmary pulleys and belts of the workshop, -and our experiments were not im* 
paired by any niceties which common workmen would not apply. 

*^ Even the orudeness of our experimental apparatus, ana the general not over-^xact method 
adopted, will serve to demonstrate to the minds of practical men the possibility of relying upon 
figures which have been established so nearly in accordance with the customs of the workshop. 

T, /- Q /- 

We have before shown that qr = * ^ 9 <>'» v ^ * ' > where c is the base of hyperbolic 

•'■1 " 

logarithms ; Ti = the tension of the belt on the tight side ; T, = the tension of the belt on the 
loose side ; / = the coefficient of friction ; r = radius of pulley ; and / = the length of the arc of 
contact. We can further transform this equation, by substituting the ratio of the angle in degrees 
for the length of contact on the arc, compared to the radius, c = 2*718281828. 

2rir ^ 2 fir \ 7 /■ 

Thus -r^^r = arc of 1°, let / = a ( -^^^ I .*. =r- = • ** , and taking the numencal values of 
ooO \ 06O / Tj 

•, », and dividing out the 860, .\ ^ = 2-718^*^^^*^^-^" 

.-. log. f^\ = 0-4343 (0017456/a), [1] 

.'. log. Ti - log. T, = 00758 /a 

,.T.^,0 0.00758/«, p3 



' ^ " 000758a 



[8] 

As we assumed, P = Tj — T,. .-. T, = Tj — P, which inserting in equation [2] 

Tj_^j^000758/a 



X — P 

p(lO^-^^^/«) = T,(lO^-^^^>'«)-T. 

.•.P = T,(l-10"^-^^^^«) 



M 



The third equation is the one to which we would now call attention. By it, for any given values 

T 
for the ratio ~y we can determine the coefficient of Motion, when, by experiment, we have fixed 

the greatest difference of the two strains without slipping on a pulley with a given arc (measured 
by a) of contact. 

We would here, sm the experimenter, make a veir important observation, which forms the key 
of the whole system of transmission of force by belts. In practice, tUt belts are worked at the maximum 
coefficient of friction, A belt may, when new or newly tightened, work under heavy strain, and 
with a small coefficient of fHction adled into action ; but m process of time it becomes loose, and 
it is never tightened again until the effort to perform its task is greater than the value of the coeffi- 
cient with a given tension of belt and the beltHBlips, We, says Briggs, run our belts as slack as 
possible, so long as they continue to drive. 

It has been shown that the value of T, + T„ or the sum of the strains upon the two sides of a 
belt (loose and tight), is a constant quantity — ^that is, when a belt is penorming work it will 
become loose on the one side to the exact amount that it is strained on the other, and when at rest, 
not transmitting force, the tensions will become equal, and their sum be the same as before. It is 
manifest that the limit of the strength of a belt is found in the maximum tension Ti and that this 
strength being known, the effective pull (P) is ftirther limited with any given arc of contact by 
the value /, of the coefficient of friction. 

The discussion has so far been limited to the pull exerted by a belt ; when we would include 
the power which belts will transmit, we have only to multiply the pull by some given or assumed 
velocity, to transform our equations into work performed. 

By means of the third equation, we will now deduce a value for the coefficient of friction as 
given by the experiments. 

log. J 
All the experiments were with the aio of contact = 180° = a, which, substituting / s * t 

and the result of 168 separate experiments has givoi, under tensions of T, from 7 to 110 lbs. to an 

inch of width of belt, ^ = 6294. .•. / = ^?.'^^ = 0-5833. Bennett's Morin, page 806, 

1253, gives/ = 0-573. * 

X 
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In this case T, has in all cases been so much in excess of T,, as to slip the belt at a defined, 
slow, but not accelerating, motion. 

From an examination of the report of the experiments, we think the reader will coincide with 

T 

our conclusion that ^'o{ this value of -=^ can be taken as a suitable basis for the working friction 

or adhesion which will cover the contingencies of condition of the atmosphere as regards tempera- 
ture and moisture; or 7=^- = 8 '7764 (maximum practical value) .% / = 7.0044 ~ = 0*42292. 

It should be noted that the experiments were made without any appreciable velocity of belt, 
and throughout this paper no regard has been paid to the effect of velocity or of the dimensions 
of the pulleys upon the value of the coefficient of friction. 

For pulleys less than 12 in. diameter (with the belts of the ordinary thickness of about ^Hib in.), 
and for velocities exceeding about 1000 ft. a minute, allowance must be made for the rigidity of 
the belt in the one case, and for the interposition of air between the puUey and the belt in the other. 
At high speeds, say 3000 ft. velocity of belt a minute, the want of contact can be seen, some- 
times, to the extent of one-third the arc encompassed by the belt. Briggs has proposed to place a 
deflector or stripper near the belt, to take off the stratimi of air moving with it, out has never tried 
the experiment, although he has little doubt of its giving some advantage. 

The experiments further show that 200 lbs. to an inch of width of belt is the maximum strength 
of the weakest part — that is, of the lace-holes. Taking this, with a factor of safetv at one-thiid, 
we have the working strength of the belt, or the practical value for T^ = 66| lbs. Bennett*8 
Morin, page 306, ^ 253, gives 55 * 1 lbs. the inch of wiath as admissible. In the case when belts are 
spliced instead of laced, a great increase of strength has been shown, the experiments giving 
380 lbs. to an inch of wiath, or 125 lbs. safe working strength. 

If we insert these values of/ and T, in [4], 

.-. P = 66| - 10 - "■'^8 >< »*2292 «) 

.-. P = 661 (1-10- «<»3206.) [53 

This equation [5] is the really important one in practice, and by means of logarithms can be 

solved for any values of a° readily ; but as some of those who may wish to use it may not be at 

once prepared to use the logarithmic notation, from want of use or practice, we give an example. 

Suppose we take an angle of 90°, the negative exponent then becomes — * 003206 x 90 = •» * 28854 ; 

— 1 '71146 
subtracting this from 1, we have ^1*71146. This term thus becomes 10 . Now this 

expression is only the notation for anti-logarithm » 1*71146, or in words the number for which 

— 1 * 71146 is the logarithm. Logarithmic tobies give this number = * 51505, and the equation 

P = 66| (i_io"0'^3206 X 90^ = ggj ^j^^^-l '71146) ^ ^ (1-0-51505) = 66| x 0*48495. 

.*. P = 82*83. 

The largest possible angle for an open belt, without a carrier or tightener, is 180°, as upon 
either the driving or the driven pulley this cannot be exceeded ; but for crossed, or carried, or 
tightened belts, the angle may be as large as 270°. 

Briggs and Towne give the following Table of results for different arcs of contact (correspond- 
ing to a°) within the usual limits of practice. 

Table L — Stbaih tranbmittsd bt Bklts or One Inch Width upon Pullets when the 

Arcs of Contact vary as the Angles of 

90° 100° HOP 120° 135° 150° 180° 210° 240° 270° 

lbs. Iba. lbs. Ita. Ibik Ita. Ibc lbs. lbs. lbs. 

82*33 34*80 87*07 8918 4206 44*64 4901 62*52 55*33 57*58 

If we suppose the pulley to be 1 ft. in diameter, and to run some number, N, of revolutions a 
minute, we have the power transmitted = N ir P. 

And we give the following Table for different arcs of contact (corresponding to a°) within the 
usual limits of practice. 

Table II. — Poweb TBANSurrrED bt Belts on Pullets One Foot in Diaiobteb One Revolution 
A Minute. Abcs of Contact of Belts ufon Pullets coRBESPONDiNa to the Angles : 



Inches of 






















Width 
of Belt. 


90° 


100° 


110° 


120° 


135° 


150° 


180°, 


210° 


' 240° 


270° 




foot-lbs. 


foot-lbs. 


foot-lbs. 


foot-ltat. 


foot-lbs. 


foot-lbs. 


fbot-lbs. 


footlbs. 


foot-lbs. 


foot-lbs. 


1 


102 


109 


116 


123 


132 


140 


154 


165 


174 


181 


2 


203 


219 


233 


246 


264 


280 


308 


830 


348 


361 


8 


305 


828 


849 


869 


896 


420 


462 


495 


521 


542 


4 


406 


437 


466 


492 


528 


560 


616 
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The application of T^ble II. to any given cases of known angle of the arc of contact, width of 
belt in inches, diameter of pnlley in feet, and number of revolutions, is simply to take the figures 
firom the Table for the first two, and multiply by the two succeeding conditions, to obtain the foot- 
pounds of power transmitted. 

These experimenters take the following examples : — 1st. Schenck (of New York) found an 
18-in. wide Mlt rtmning 2000 ft. a minute, the pulleys being 16 ft. to 6 ft., would give 40 horse- 
power, with ample margin (one-fourth). 

If we take the distsiice from centre of the 16-ft. pulley to that of the 6-ft. to be 25 ft. (about 
the usual way of placing the fly-wheel pulley of an engine in regard to the main line of shafting), 
we have the arc of contact subtending about 153°. From Table I. the strain transmissible is 
45 -1 lbs. X 18 x 2000 = 1,623,600 foot-pounds or units of work = 49'2.hp. 

2nd. William B. Le Van (of Philadelphia) found by indicator that an 18-in. wide belt running 
1800 revolutions a minute, the pulleys being 16 ft. and 5 ft., respectively, transmitted 43 hp., with 
niftTimnm power transmissible unknown. If we take the centre's distance, as before, at 25 ft., wi 
have the arc of contact subtending about 150°. 

From Table I. we derive 44*64 lbs. as the strain transmissible X 18 x 1800 = 1,446,336 foot- 
pounds = 43* 83 HP. The same authority found by indicator that a 7-in. wide belt over two 
2-ft. 6-in. pulleys, 11 ft. centre to centre (horizontal), moving 942 ft. a minute, gave 8 hp. 
From Table I., for 180° angle, we take 4901 x 7 x 942 = 323,172 foot-pounds = 9*79 hp. This 
belt was stated to be very tight. 

8zd. A. Alexander Engineer,' March 30, 1860) gives a rule that a 1-in. belt will, at 1000 ft 
velocity, transmit If hp. 

If we take the contact at 180° from Table I., 49*01 x 1000 = 49,000 foot-pounds, we have only, 

liHP. 

4th. William Barbour (same journal, March 23, 1860) gives as the power a 1-in. belt will 
transmit with 1000 ft. velocity = 0*927 HP., when we derive with 180° angle from our Tables = . 

l^HP. 

5th. A. B. Ex (same journal, April 6, 1860) gives a rule 

diameter in inches x revolutions a minute x breadth in inches 

5000 =Nhp, 

ratio of pulleys not to exceed 5 to 1. Changing this rule to 

diameter in feet x r evol ution s a.ndn ute x width in inches 
5000"Hri2~+ 33,000 = ^ foot-poundfl. 

, Diameter in feet x revolution s a minute x width in inches _ ^ rr^.^^r>A« 
. . 0^1263 looir-pounas. 

' .'. 79*2 X diameter in feet x revolutions a minute x width in inches = K foot-pounds. 

From Table II. the angle of 120° gives 123 in place of 79*2, and it would appear this authority 
adopts about! ^^ effect we take. 

6th. W. Fairbaim gives ('Mills and Mill Work,' Part II., page 4) a table of approximate 
width of leather straps in inches necessary to transmit any number of horse-power ; the velocity of 
the belt being taken at 25 to 30 ft. a second (1500 to 1800 a minute), 1-foot pulley, 3*6 in. wide, 
gives 1 HP. 

Assume 1650 ft. a minute, contact 180°, we have from Table I., 1650 x 49*01 x 3*6 x 1 
= 29.112 foot-pounds = 0*87 hp. 

7th. Bankme gives C^^^ <^d Tables,' page 241) 0*15 as the coefficient of friction, pro- 
bably applicable to the adhesion of belts on pulleys to be used with his formulas in estimating the 
power transmitted. Neither experiments nor practice give so small a coefficient as tiiis. 

We, says Briggs, could multiply authorities on these points, but think the corroboration of 
those we quote with our Tables sufficient to establish our experimental and estimated coefficient of 
friction, / =: 0*428, as a proper practical basis. 

These experimenters give tne two following oases, not only to show the application of the 
fonnula 5, but as matters of some interest. 

In the construction of one of the forms of centrifogal machines for removing water from satu- 
rated substances, the main or basket spindle is driven by cone-formed pulleys, one of which, being 
covered with leather, impels the other by simple contact. 

In the particular instance taken, the iron pulley on the spindle was 6 in. largest diameter, and 
the leather-covered driving-pulley was 12 in. largest diameter ; the length of cones on the face was 
4 in., this last dimension corresponding to width of belt in other cases. By covering the leathered 
pulley with red-lead, we were able to procure an nnpresaum on the iron pulley, showing the width 
of the surfaces of contact when the P^^ ^ere compressed together with the force generally 
BppUed when the machine was at work. This width wss, at the largest diameters, almost exactly 
} m. From the nature of the two convex surfaces compressing the leather between them, the 
actual surface of efficient contact cannot be taken at over half this width. (The slight error in 
estimating this contact as straight lines in place of ciroular arcs mav be neglected.) This gives 
the angle subtended by the arc of contact on the iron pulley = 2^°, taking equation [5]. P = 66| 
(l^lO-OOOmea^) = 66| (l-10-0<>«8<^^«) ^ ^ (no-ll)91985) = e6| (1 - 
0*98171) = 66| (0*01829) = 1*3717. 

Now, the average diameter of the iron pulley in the middle of its 4-in. face is 4*708 in. 
= 0*3928 ft., with a ciroumferenoe of 1 -2326 ft., and it is usual to run, at the least velocity, 1000 
revolutions a minute; whence the power given by these pulleys = 1*3717 lb. x 4 in. x 1*2326 ft. 

X 2 
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X 1000 revolutions = 6757 foot-potmda = -^ hp. As the work performed by one of tnese centri- 
fogal machines is the ilcquirement of velocity under the resistance of the friction of the machine 
and of the air, and the work of expelling the moisture is so insignificant in comparison that it may 
be neglected in estimating, it can be taken as probable that the real power demanded to keep the 
machine in motion is very nearly that given by calculation. It should be stated that the basket 
belonging to this particular machine is 29 in. diAmeter and 12 in. deep. 

The second special case we instance at present consists in* a proposed arrangement for driving 
a fan which had previously been found to demand an 8-in. belt on a 10-in. pulley to run it 1275 
revolutions a minute. (The arc of contact here was 162°, so that the apparent power with a 
very tight belt was 37| HP. : but about 1 of this was defective adhesion from running a rigid belt 
over BO small a pulley.) It was thougnt desirable to avoid the fast-running countershafts, and 
drive this direct from an engine-pulley fly-wheel, by impingement, so to speak, of the belt on its 
tight side between the fiw-pulley and another larger carrier-pulley, against a portion of the 
periphery of the fly-wheel. 

K we suppose the force demanded measured on the fan-pulley, as before, to be 40 hp. = 
1,320,000, and the fan-pulley to be 10 in. diameter x 16 in. wide, and to run 1250 revolutions a 

1 820 000 

minute: .*. rrrrr — -, ^ *— r= =25*2 as the pull, P, on each inch of width of the belt as it 

1250 X -H X 16 X » r 1 7 

oomes from the lO-in. pulley. By substituting this value for P in equation [5], and then reducing 
the equation to find the value for c^, we have aP = 65°, which is the angle of contact demanded to 
give tne necessary adhesion. 

It will be noticed that this angle is independent of the diameter of the fly-wheel pulley, it 
being only requisite that that diameter should be such as with the g^ven or assumed number of 
revolutions will produce the given velocity. In the case taken for example, the fly-wheel pulley 
was 16 ft. diameter x 16 in wide, with 70 revolutions a minute velocity. 

As we have before remarked, the sum of the two tensions on the belt is constant, whether the 
belt ilB performing work or not; that is, S = T, + T, ; but P = T, — T^, .-. T, = T, — P. 
.-. S = 2T,-P. 

As we assumed in equation [5] T to equal 66| lbs., we can substitute the value of P as in 
Table I. in the equation, S = 2 (66|) — P = 1334 - P, from which it is evident that the sum of 
the tensions will vary with P or with the angle oi contact. It is evident, also, that the load upon 
the shaft proceeding from the tensions T, and T, will be the resultant of whatever angle the belt 
makes with a line joining the centres of the two pulleys, or as the cosine of that angle. 

By constructing on paper a pair of pulleys, it will be readily discerned that the angle in ques- 
tion for small pulleys = 90^— "I- , and for large and crossed ones, = |- — 90°, we can consequently 
form the following Table :- 

Table III.— Stbbnoth of Lacino of Joint 66} lbs. thb Inch Widb, 

Showing, first, the sum of tensions on both sides of a belt to each inch of width, whether in 
motion or at rest, when strained to transmit the maximum quantity of power in general prac- 
tice ; and showing, second, the load carried by the shafts and supported constantly by the 
journals the inch of width of belt, when the arcs of contact vary as uie angles of 

90® 100° 110° 120° 135° 150** 180° 210° 240° 270° 

Its. lbs. Ibt. lbs. lbs. lbs. lbs. Ibi. lbs. lbs. 

101' 98-53 96-26 9415 9127 8869 8432 8081 78* 75-75 

71*42 75-47 78*85 81*53 84-32 85-67 84-32 7805 67*59 5356 
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When machiner]^ u driven by gearing, the shafts only carry the running wheels and the weight, 
and when the machines are thrown on, tne friction of the lines increases with the work ; b&t with 
belts and pulleys the load on the line and its frictional resistance is constant, whether the 
machinery works or lies idle. 

It is not proper to assume that the load produced b^ the belt on the shaft is exactly that given 
by the second line in Table m. ; but we can be safe m taking those weights as rarely exceed, 
because belts begin to fSedl when they are ; and as rarely much less, because few of our machines 
are not worked up to their belt of capacity. 

The advantages shown by the figures on all the Tables, but especially on the last, in those arcs 
of contact over 180° where crossed belts are used, have the substantial ground of practice, although 
many mechanics are unaware of the facts. B. Briggs instances a case of several neavy gnrindstones 
having from main to counter lines 8-in. crossed belto on pulleys, 3 ft. diameter, running 120 revo- 
lutions, only 8 ft. centre to centre, where belts have already lasted, day and night use, three-and-a- 
half years* For the same purpose, 6-ln. open belts were formerly used, with an average duration 
of a few weeks only. 

Another use of a crossed belt is for long belts, the crossing effectually preventing those waves 
which generally impair, if they do not destroy, such belts when open. 

We give a tabular record of the experiments of H. B. Towne, which will repay examination, 
as exhibiting several interesting and instructive facts connected with the efficiency of leather 
belts. ^ 

These experiments were made with leather belts of 3 and 6 in. width, and of the usual thick- 
ness->about ^ths of an inch. The pulleys used were respectively of 12, 23f , and 41 in. diameter, 
and were in each case fast upon their shafts. They were the ordinary cast-iron pulleys, turned on 
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the face, and, haying already oeen in use for aome years, were fair representatiyea of the pnlleys 
usually found in practice. 

Experiments were made first with a perfectly new belt, then with one partially used and in the 
best working condition, and finally with an old one, one which had been so long in use as to havo 
deteriorated considerably, although not yet entirely worn out. The adhesion of the belts to the 
pulleys was not in any way influenced by the use of unguents or by wetting them : the new ones, 
when used, were just in the condition in which they were purchased ; the others in the usual work- 
ing condition of belts as found in maohine-ahopa and factories— that is, they had been well greased, 
and were soft and pliable. 

The manner in which the experiments were made was as follows : — The belt being auspended 
oyer the pulley, in the middle of its length, weights were attached to om side of the belt, and 
increased until the latter slipped freely oyer the pulley ; the final, or alippiruj^ weight was then 
recorded. Next, 5 lbs. were suspended on each side of the belt, and the additional weight required 
upon one side to produce slipping ascertained as before, and recorded. This operation was repeated 
with 10, 20, 30, 40, and 50 lbs., successiyely, suspended upon both sides of the belt. In the Tables, 
these weights, plus half the total weight of the belt, are giyen as the "equalizing weights" (T, in 
the formulas); and the additional weight re<}uired upon one side to produce dipping, is given 
under the head of " unbalanced weights f this latter, p/tts the equalizing weight, gives the total 
tension on the loaded side of the belt (T, in the formulas). 

The belt, in slipping over the pulley, moved at the rate of about 200 ft. a minute, and with a 
constant, rather than increasing, velocity ; or, in other words, the final weight was such as to cause 
the belt to slip smoothly over the pulley, but not sufiScient to entirely overcome the friction 
tending to keep the belt in a state of rest. In this case, that is, with an excessive weight, the 
yelocity of the belt would have approximated to that of a falling body ; while in the experiments 
its yelocity was much slower, and was nearly constant, the friction acting precisely as a brake. By 
being careful that the final weight was such as to produce about the same yelocity of the slipping 
belt in all of the experiments, reliable results were obtained. 

It became necessary to make use of a weight such as would produce the positive motion of the 
belt described above, as it was found impossible to obtain any uniformity in the results when the 
attempt was made to ascertain the minimum weight which wonld cause the belt to slip. With 
much smaller weights aome slipping took place, but it was almost inappreciable, and could only be 
noticed after the weight had hung for some minutes, and was due very probably to the impercep- 
tible jarring of the building, ^ter essaying for some time to conduct the experiments in this 
way, and obtaining only confiicting and unsatisfactory results, the attempt was abandoned, and the 
experiments made as first described. 

In this way, as may be seen, results were obtained which compare together very favourably, 
and which contain only such discrepancies as will always be manifest in experiments of the kind. 
It is only by making a great number of trials and averaging their results, that reliable data can be 
obtained. 

The value of the coefficient of friction which we deduce from our experiments is the mean of no 
leas than 168 distinct trials. 

It will be noticed, however, that the ooeffloient employed in the formhlaa is but tix-ieniha of the 
full value of that deduced from the experiments, the latter being 0*5853 and the former 0*4229. 
This reduction was made, after careful consideration, to compensate for the excess of weight 
employed in the experiments over that which would just produce slipping of the belt, and may be 
regarded as safe and reliable in practice. 

A note is made, over the record of each trial, as to the condition of the weather at the time of 
making it — whether dry, damp, or wet ; and it will be noticed that the adhesion of the belts to the 
pulleys was much affected by the amount of moisture in the atmosphere. It is to' be regretted 
that this contingency was not provided for, and a careful record of the condition of the atmosphere 
kept by means of an hygrometer. The experiments indicate clearly, however, that the adhesion 
of the old and the partially-used belts was much increased in damp weather, and that they were 
then in their maximum state of efficiency. With the new belts, the mdications are not so positive; 
but their efficiency seems to have been greatest when the atmosphere was in a dry condition. 

Experiments were also made upon the tensile strength of belts, with the foUovring results : — 
The weakest parts of an ordinary oelt are the ends through which the lacing-holea are punched, 
and the belt is usually weaker here than the lacing itself. The next weakest points are the 
splices of the several pieces of leather which compose the belt, and which are here perforated by 
the hol^ for the copper rivets. The strengths of the new and the partially-oaed belts were found 
to be almost identicisa. The average of the trials is as follows : — 

8-in. belts broke through the laoe-holes with 629 lbs. 

„ „ rivet „ „ .... 1146 lbs. 

„ „ solid part „ .... 2025 lbs. 

These giye as the strength to the inch of tpidth : — 

When the rupture is through the lace-holes 210 Ibe. 

„ „ rivet „ 882 lbs. 

„ „ solid part 675 lbs. 

The thickness being ^ in. (= -219), we have as the tensile strength of the leather 8086 lbs. 
a so. in. 

From the aboye we see that 200 lbs. an inch of width is the ultimate resistance to tearing that 
ire can expect from ordinary belts. 
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The experiments herein described are strikingly oonoboratiTe of those already on record, and 
this gives increased assurance of their reliability; and, although there is nothing novel either in 
them or in their results, it is hoped that they will prove of interest, and that an examination of 
them will lead to confidence in the formulas which are based upon them. 
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damp. 










damp. 


wet 








2-75 


12 


13 


12-5 


15-25 


5-55 


2-75 


16 


20 


18-0 


20-75 


7-55 


7-75 


35 


39 


370 


44-75 


5-77 


7-75 


48 


70 


590 


66-75 


8-61 


12-75 


61 


66 


63-5 


7G-25 


5-98 


12-75 


72 


106 


890 


101*75 


7-98 


22-75 


102 


109 


105-5 


128-25 


5-64 


22*75 


157 


174 


165-5 


188*25 


8 -.27 


32-75 


142 


158 


150-0 


182-75 


5-58 


32*75 


220 


232 


226 


258*75 


7-90 


42-75 


203 


220 


211*5 


254-25 


5-95 


42-75 


256 


276 


271*0 


313-75 


7-34 


62*75 


259 


273 


266-0 


318*75 
Mean. 


604 


52-75 


301 


311 


306-0 

■ 


358-75 
Mean. 


6-80 




5 -7871 


7-778 



Bix-Inch New Belt. 



Oir 231-UICB PUXXXT. 


OV 41-IHCH POLLKT. 


Eoaallsing 
Weights, 
or Initial 

Tension on 

each side 

of Belt 

= T^ 


Un- 
balanced 
Weight 
Trial 
NaL 


Un- 
balanced 
Weight 
Trial 
Naa. 


Un- 
balanced 
Weight 
Average 
of Trials. 


Total 
Weight on 
loaded side 

of Belt 
when Belt 

slipped 


T, 


Eqnallsing 
Weights, 
or Initial 

Tension on 

each aide 

of Belt 

= T,. 


• 

Un- 
balanced 
Weight 
Trial 
No.l. 


Un- 
balanced 
Weight 
Trial 
No. a. 


Un- 
balanced 
Weight 
Average 
ofTrlaLa. 


Total 
Weight on 
loaded side 

of Belt 

when Belt 

^p^ 


Ti 
Tt 


6-75 


dry. 
30 


damp. 


33-0 


39-75 


5-89 


6-75 


32 


29 


80-5 


37-25 


5-52 


11*75 


53 


63 


580 


67-75 


5-77 


11-75 


53 


50 


51-5 


73-25 


6-23 


16-75 


78 


81 


79-5 


96*25 


6-75 


16-75 


72 


72 


720 


88-75 - 


5*3u 


26-75 


125 


135 


130 


156*75 


5 86 


26*75 


118 


115 


116-5 


143-25 


5-3d 


36-75 


161 


177 


169-0 


205*75 


5-60 


36-75 


159 


176 


167-5 


204*25 


5-55 


46-75 


216 


223 


219-5 


266-25 


5-70 


46-75 


209 


236 


222-5 


269-25 


5-76 


56-75 


265 


269 


267-0 


323-75 
Mean. 


6-70 


66-75 


265 


275 


270-0 


326-75 
Mean. 


5-76 




5-752 


5*640 



Belts and drums constitute the most convenient method of transmitting rotary motion from one 
shaft to another. Of late years their use has enormously increased, on account of their easy appli> 
cation in almost every case where power is required to bo transferred. Compared with ooK-wheel 
gearing, they possess several advantages, namely, the driving and driven shafts may oe at • 
considerahle distanoe from each other, and need not bo parallel or in the same plane. 
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Belts and drums form very effective friction-oonplingB. If a machine driven by a belt beoomfis 
accidentally overloaded, the belt slips upon the drum, and a break-down is generally prevented. 

By the introduction of fast and loose pulleys, the driven shaft can be set in motion or stopped 
with perfect safety, whilst the driving shaft is running at full speed. In cotton mills and oUier 
factories, where a number of independent machines are ouiven from a single shaft, this contrivance 
is of great value. 

The motion of belts and drums is much smoother than that of gearing, and they can be readily 
applied to machines which require a high velocity, where ordinary gearing would be quite inad- 
missible. 

MateriaJ and Mode of Manufacture. — ^Leather is generally used for the manufacture of belting. 
Other materials have been tried, such as india-rubber, gutta-percha, woven hemp, &c., but leather 
has been found to be the most reliable and economical in wear. 

The best description of leather for the purpose is English ox-hide tanned with oak bark by the 
slow old-fafihioned process, and dressed in such a way as to retain firmness and toughness, without 
harshness and rigidity. 

The prime part of the hide only, called the huit, should be used, 
the other portions being comparatively loose, and only fit for inferior 
purposes. 

The dotted lines a, a, a, in Fig. 646 show the shape and size of the 
buH, 

Butts are generally cut out of hides in the preliminary preparing 
process, and tanned by themselves. The time required for tanning 
oest leather varies from twelve to eighteen months, according 
to the thickness. When the tanning is thoroughly completed, the 
butt is curried or dressed. During this process it must be stretched. 
This is effected by machinery, the leather being allowed to dry in 
its extended state. Strap-butts of best leather can be permanently 
extended from 4 to 5 in. For light work, belts of single substance 
are sufiScient, the strips of leather being joined together by feather- 
edged splices, first cemented and then sewn. Single belting varies 
in thic^ess from -^ to J in. For heavy work, double and sometimee 
treble layers of leather are required, cemented and sewn through their entire length. The 
material used for the sewing is either 'strong well-waxed hemp, or tmn strips of hide prepared with 
alum. The latter is generally used in the North of England; but its advantage over ^xxl waxed 
hemp is doubtfuL The thiolmess of double belting is from ^ to v^ in. 

An improvement in the ordinary double belt, shown in Figs. 647, 648, has been introduced by 
Messrs. Hepburn and Sons, of Southwark, who have given muoh attention to this branch of leather 
manufaoture. 




MT. 



649. 




1 "^ 


(H 1 


\ -^ 


^ ^ 1 


/ « -a 


^>- ^ / 


\ "^ 


^ 1 


\ -^ 


0- f 



650. 




3 



648. 



651. 



J J] J)}})} 



It consists in the substitution of a strip of prepared untanned hide for the outer layer of the 
belt, corrugated, as marked by a a a in Fig. 647 ; the inner one next the drum being made of tanned 
leather as usual, and not corrugated. This combination, or composite belt as it is called, has much 
peater strength than a belt composed of tanned leather only, and is not nearly so liable to stretch 
in working. 

The sewing is also different. Instead of hand-labour being employed, these belts are sewn, or 
rather riveted, by machinery, and copper or malleable iron wire is used in place of waxed hemp, as 
shown in Figs. 647, 648. 

Fig. 648 represents a longitudinal section of the belt through one of the lines of sewing, and 
shows the way in which each stitch or rivet is clenched and turned in. 

This metallic sewing is also applied to double belting made entirely of leather, and has been 
found to work well, and to be more durable than ordinary hand-sewing. 

Fastenings of Beits. — Belts are usually laced together by thin strips of hide prepared with almn ; 
from 12 to 18 in. is allowed for lap ; and rows of noles at equal distances are punched in each end 
of the belt. A belt-fastener, which is extremely simple and effective, and requires no lap, is given 
full size in Fig. 651. It is made of lough metal, of various sizes to suit different thicknesses of 
belting; a, a. Figs. 649, 650, shows how this fastener is applied. 

Various Modes of Driving Drums. — Fig. 652 represents the direct method, where the shafts 
of tht druma are parallel and in tha same plane, A is the driving drum, revolving in the 
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direction of the arrow; B is the driyen drum. C is called the leading side of the bdt: D the 
follotcinff side. 

Belts are more effectiye when the leading side is underneath, as in Figs. 65-1, 655. 
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The drum should be rather wider than the belt, and slightly rounded on the face ; -^ths of nn 
inch to the foot of width is sufficient convexity, except in the case of smaU high-speed pulleys, 
when it should be from f to } in. 
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Fig. 653 represents the crossed belt, which has the effect of making the dmms reyolve in oppo- 
site directions. 

Figs. 654, 655, represent the fast and loose pnlley. 

The fork for shifting the belt from the fast to the loose pulley mnst be placed at A, near the 
pnlleys, and act on the following part of the belt. 

Fig. 656 is a case where the shafts are parallel, but the drums not in the same plane ; here it is 
necessary to lead the belt over guide-pullevs. 

Fig. 657 is a similar case, where the shafts are in the same plane, but not parallel. In Fig. 
658 the shafts are neither in the same plane, nor parallel ; yet in this case no guide-pulleys aie 
needed. Fig. 659 is a case where guide-pulleys are required. 

Fig. 660 represents the most general way of var3ring the velocity-ratio of two shafts. The pro- 
portion of the respective diameters of each pair of pulleys is such that the sum of the two is always 
constant, and, therefore, the same length of belt will do for all the speeds. 
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Figs. 661, 662, is a mode of varying the speed whilst the machinenr is in motion. Two conical 
drums are placed in a reversed way to each other, so that the sum of any two corresponding dia- 
meters is always a constant quantity. The belt is made to move laterally along the surfacQ of 
the cones, by certain contrivances ; and thus a gradual increase or decrease of speed in the driven 
drum is brought about, on account of the constantly varying proportions of the two diameters, while 
the angular velocity of the driving drum rems^ins constant. 

Tension^rollers, — ^In order that the natural tension of the belts shall remain constant, and not 

exceed, though equalling, the value calculated, it is requisite to use tension-rollers. 

2 T cos a 
The weight q of these rollers is found by the approximate expression q = — - — r^, wherein 

a is half the obtuse angle A D B formed by the two branches of the belt upon which the weight 
rests, and may be assumed a priori; and b the angle between the line A B and the horizontal line 
A C, Fig. 663. That is angle BAG = 6. 

This formula is reduced to the following rule : — 

To calculate the weight of a tension-roller, capable of 
producing its pressure upon the two branches of a belt, a 
given normal tension, as in Fig. 663. 

Multiply the given normal tension by twice the cosine of 
half the obtuse angle formed by the two branches of the belt, 
and divide the product by the cosine of the angle formed by 
the common tangent of the two drums with the horizontiJ 
line AG. 

In fixing the belt, care must be taken to give it such a length that, when in repose; it shall 
only have a minimum flexure, and then the tension T will very nearly equal the value assigned to 
it by our previous developments. 

Means must, of course, be reserved of increasing or diminishing at will the action of the roller. 

If, owing to the particular arrangement of the drums, the tension-roller is not intended to act 
vertically, a suiteble combination of levers may enable its action to be directed wheresoever it is 
necessary. The effort it exerts upon the belt perpendicularly to the line A B may then be calculated 
by the above rule, in supposing the angle 6 to be nul and its cosine equal to one. 

The general arrangement of the belting of Nasmyth, Wilson, and Go.'s mechanical workshops 
at Patricroft, near Manchester, shown in Figs. 664, 665, deserves particular attention. 

The shop consists of two spans of 38 ft. and 48 ft. respectively, each having a length of 102 ft. 
It is lighted from the top by means of skylights, as indicated in Fig. 664. The smaller shop 
derives additional light from side-windows, close to which a row of small lathes is placed. The 
shafting A, A, is driven from a pair of vertical engines, fitted with balanced slide-valves, and 
having a pair of large pulleys fixed to their crank-shaft B, B, Fig. 665, in lieu of a fly-wheel. The 
straps from these pulleys are carried in opposite directions, so as to balance the strains produced 
by tliem ; and one strap G, G, supplies power to the machinery of each span of the shop. The 
driving-shaft D, D, on the top of each span transmits power to two parallel lengths of uiafting, 
one at each side of the two buildings ; and for these also the belts bsdanoe their strains upon the 
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driving-fihAft by being placed symmetrically in oppodte direetionB. The machinefl are placed in 
parallel rows lengthways at both sides of the bnildings, so as to have a clear wide space thronghont 
the entire length of the shop for internal locomotion. By placing the smaller lathes in double 
rows in close proximity, and with their back-gearing against each other, it has been possible to 
put an unusual number of th^ tools into a limited space, still allowing free access to each 
machine, and giving a dear space in the centre for a passage. The workmen stand face to fiuse, 
haying the machines between them, and there is sufficient room for all their operations. 

Each span is trayersed by a traveUing-crane £2 of suitable power. The cranes are capable of 
reaching every tool in the shop, and are worked by hand from below by means of endless cords /, /, 
passing round grooved pulleys attached to the gearmg. The movements are in three directions ; and, 
by provision of double-winding drums for the lifting-chains, it is possible to reach the extreme ends 
of Uie shop on either side. To facilitate the passage of the traveUers and their chains, it was found 
necessary to avoid the use of vertical columns for supporting the longitudinal timbers which carry 
the crane-rails, and another mode of construction was substituted. The crane-rails are supported 
on horizontal cast-iron brackets G, G, secured at one end to the side columns or wall-standanb, and 
having their free ends suspended from the cross-beams of the roof, as shown at H, H, Fig. 664. 
This mode of supporting the travellers is found to answer well, and it forms an element of great 
oonvenienoe with regard to the movement of heavy masses within the shop. The cast-iron brackets, 
at the same time, serve for the attachment of the hangers or bearings for the shafting, for which 
purpose wooden planks are fixed to them throughout the entire length of the shop in Imes parallel 
to tne side walls. 

We append, with some slight alterations, an article on the driving-belt, by Edward Sang. This 
article, taken &om the 'Practical Mechanic's Journal' (1866), will render clear the meUiodsof 
investigation employed by Prony and Poncelet. 

The first problem which presents itself when we consider the arrangement of the driving-belt, 
is to compute the length of the belt when the diameters of the wheels and the distance between 
their centres are known. If the machinery be in position, it is a very easy matter to measure the 
length of the required belt ; and this direct measurement is even to be preferred to calculation, 
because nltimately the stretch of the belt has to be suited to the desired strain by trials. The 
converse problem, "Having given the length of the belt, to compute the diameters of the wheels," 
is much more important, because the process of repeated trial would be both tedious and 
expensive. 

This converse problem arises when we have to design a set of speed-cones, which may, with 
one belt, give a variety of speeds. The solution of this converse problem is attended with consi- 
derable difficulty : it can only be accomplished, for practical purposes, by help of that modification 
of the method of trial and error which consists in tabulating a regular series of compute^ results. 

In the 'Edinburgh Philosophical Journal' for April, 1831, E. Sang gave a table for this 
purpose, which had hardly been printed when an obvious improvement suggested itself. He 
reconstructed the table wiUi this improvement, and thus describes the manner in which it is to 
be used. 

In the first place, it is to be observed that there are three principal dimensions which have to be 
taken into consideration : these are the diameter of the wheel, the diameter of the pulley, and the 
distance between the centres. Now, it would be impossible to make a table of triple entry in 
which these three dimensions should enter as arguments, and the corresponding length of the belt 
as a result. 

It is necessary, for the sake of abridgment, to assume one of these as constant ; and that one 
which answers best is the distance between the centres. In the subjoin^ table this distance is 
announced to be unit. 

In the second place, if P represent the centre of the pulley, 
W that of the wheel, and Q B S T the belt passing over them, 
the inclination of the free parts, Q B and S T, to the line of 
centres depends only on the difference between the two dia- 
meters ; so that if another pair were placed at the same centres, 
and having their diameters each 1 in., or any other quantity, 
more than those of the former pair, the inclination of the free 
parts of the band would be unchanged. 

Thirdly, if we describe a circle round the centre, W, with a 
radius equal to the difiierence between the two radii, and draw 
from P the lines PU, P V to touch it, the entire line, PUX VP, 
is less than the length of the band, Q B S T, by the circum- 
ference of the pullev. Hence for each difference between the 
diameters, or for each inclination of the free part of the belt, 
there is a corresponding excess of the lenfl;th of the belt above 
the droumference of the pulley, and also a corresponding 
excess of the same length of belt above the circumference of 
the wheel. By attention to these matters we can make our 
table one of single entry. 

In the former table, Sang made the difference between the 
diameters the argument, and placed opposite to each difference 
the corresponding excess of the belt above l^e two circum- 
ferences. This arrangement made it necessary to multiply and to divide by 3*1415926. By the 
arrangement of the present table these multiplications and divisions are avoided. 

If we compute the diameter of a wheel roimd which the belt would just go, and call the diameter 
of this wheel the heH-diameter ; then, for each inclination, the excesses of the belt-diameter above the 
diameters of the wheel and pulley are determined. These excesses are entered in the table. Further^ 




BELTS, 



317 



more, Sang has made the inclination of the free part of the band the primary aigomenl In this 
way the arrangement of the table is as follows : — 

Column 1 oontaios the inclinations of the fVee part of the belt to the line of centres, given for 
each half-degree of the centesimal sjrstem, that is, for each multiple of 27' of the ordinary diyision; 
the yalues being giyen in ancient degrees and minutes, as well as in decimal parts of the right 
angle. 

Column 2 contains the corresponding differences, W — P, between W, the diameter of the^heel, 
and P, the diameter of the pulley ; the differences of these values are also given for the purpose of 
interpolation. 

Column 3 contains the oorresnonding excesses, B — P, of the belt-diameter, B, above the dia- 
meter of the pulley, with the differences. 

Column 4 contains the values of the excesses, B — W, of the same belt-diameter above the 
diameter of the wheel, also with their differences ; the whole being given in decimal parts of the 
distance between the centres. 
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0-86575 


1418 


1- 13013 


909 


-26438 


503 


26 


06 


•2900 


0-87988 


1408 


1-18922 


910 


-25935 


499 


26 


83 


•2950 


0-89396 


1402 


1-14832 


010 


-25436 


492 


27 


00 


•8000 


0-90798 


1397 


1-15742 


910 


•24944 


487 


27 


27 


•8050 


0-92195 


1391 


1-16652 


909 


-24457 


482 


27 


54 


•3100 . 


0-93586 


1385 


1- 17561 


909 


•23975 


476 


28 


21 


•8150 


0-94971 


1380 


1- 18470 


909 


•23499 


471 


28 


48" 


•3200 


0-96351 


1373 


1- 19379 


908 


-23028 


465 


29 


15 


•8250 


0-97724 


1368 


1-20287 


908 


•22563 


460 


29 


42 


•3300 


0-99092 


1361 


1-21195 


907 


•22103 


454 


30 


09 


•3350 


100453 


1355 


1*22102 


906 


•21649 


449 


30 


86 


•3400 


1-01808 


1349 


1-23008 


906 


•21200 


444 


81 


03 


•3450 


1-03157 


1343 


1-28914 


904 


•20756 


438 


81 


80 


•8500 


1-04500 


1336 


1-24818 


904 


•20318 


432 


81 


57 


•3550 


1-05836 


1329 


1-25722 


902 


•19886 


427 


82 


24 


•3600 


1-07165 


1323 


1-26624 


901 


•19459 


422 


82 


51 


•3650 


1-08488 


1317 


1-27525 


900 


•19037 


416 


83 


18 


•3700 


1-09805 


1809 


1*28425 


899 


•18621 


411 


83 


45 


•8750 


111114 


1303 


1*29324 


897 


•18210 


406 


84 


12 


•3800 


1 - 12417 


1295 


1-80221 


896 


•17804 


400 


84 


89 


•3850 


1- 13712 


1289 


1-31117 


894 


•17404 


894 


85 


06 


•3900 


1 • 15001 


1282 


1-32011 


892 


-17010 


890 


85 


83 


•3950 


1^ 16283 


1274 


1-32903 


891 


•16620 


884 


86 


00 


•4000 


1- 17557 


1267 


1 •33794 


888 


•16236 


878 


86 


27 


•4050 


1-18824 


1260 


1-84682 


887 


-15858 


873 


86 


54 


•4100 


1-20084 


1252 


1-85569 


884 


•15485 


868 


87 


21 


•4150 


!• 21336 


1245 


1-86453 


883 


•15117 


863 


87 


48 


•4200 


1-22581 


1238 


187336 


880 


•14754 


857 


88 


15 


•4250 


1-23819 


1230 


J 38216 


877 


•14397 


852 


88 


42 


•4300 


1*25049 


1222 


1-39093 


876 


•14045 


847 


89 


09 


•4350 


1-26271 


1214 


1-39969 


872 


-13698 


841 


89 


86 


•4400 


1-27485 


1206 


1-40841 


871 


-13357 


837 


40 


03 


•4450 


1-28691 


1199 


1-41712 


867 


•13020 


831 


40 


80 


•4500 


1-29890 


1190 


1-42579 


864 


•12689 


826 


40 


57 


•4550 


1-31080 


1182 


1*43443 


862 


•12363 


820 


41 


24 


•4600 


1-32262 


1175 


1*44305 


859 


•12043 


816 


41 


51 


•4650 


1-33437 


1166 


1-45164 


855 


•11727 


810 


42 


18 


•4700 


1-34603 


1157 


1-46019 


853 


•11417 


806 


42 


45 


•4750 


1- 35760 


1149 


1*46872 


849 


-11111 


800 


43 


12 


•4800 


1-36909 


1141 


1*47721 


845 


-10811 


295 


43 


89 


•4850 


1-38050 


1133 


1-48566 


842 


•10516 


290 


44 


06 


•4900 


1-39183 


1123 


1-49408 


839 


•10226 


285 


44 


S3 


4950 


1-40306 


1115 


1-50247 


835 


•09941 


281 
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Table or the Rblatite DmENSiOKS or Bklts and Pulletb — continued. 



iKCLINATIOir. 


W-P. 


B-P. 


B-W. 


O 


1 


Drdm. 


Valae. 


Dur. 


Value. 


Diff. 


Valne. 


iHir. 


45 


00 


5000 


1-41421 


1107 


1-51082 


831 


•09660 


275 


45 


27 


5050 


1-42528 


1097 


1-51913 


827 


•09385 


270 


45 


54 


5100 


1-43625 


1089 


1-52740 


824 


-09115 


265 


46 


21 


5150 


1-44714 


1080 


1-53564 


819 


-08850 


261 


46 


48 


5200 


1-45794 


1070 


1*54383 


815 


* 08589 


256 


47 


15 


5250 


1*46864 


1062 


1-55198 


811 


-08333 


250 


47 


42 • 


5300 


1-47926 


1053 


1-56009 


806 


-08083 


246 


48 


09 • 


5350 


1-48979 


1043 


1-56815 


803 


-07837 


242 


48 


36 • 


5400 


1-50022 


1034 


1-57618 


797 


-07595 


236 


49 


03 ' 


5450 


1-51056 


1025 


1-58415 


793 


-07359 


232 


49 


30 ' 


5500 


1*52081 


1016 


1-59208 


788 


* 07127 


227 


49 


57 


5550 


1-53097 


1006 


1-5U996 


784 


* 06900 


2-23 


50 


24 ' 


5600 


1-54103 


996 


1-60780 


778 


* 06677 


218 


50 


51 


5650 


1-55099 


987 


1-61558 


774 


* 06459 


213 


51 


18 • 


5700 


1-56086 


977 


1-62332 


768 


* 06246 


209 


51 


45 ■ 


5750 


1-57063 


968 


1*63100 


763 


* 06037 


205 


52 


12 


5800 


1-58031 


958 


1-63863 


758 


* 05832 


200 


52 


89 


5850 


1-58989 


948 


1-64621 


753 


-05632 


195 


53 


06 ' 


5900 


1-59937 


938 


1-65374 


747 


•05437 


191 


53 


33 ' 


5950 


1*60875 


928 


1-66121 


741 


•05246 


187 


54 


00 


6000 , 


1*61803 


919 


1*66862 


736 


* 05059 


183 


54 


27 


6050 


1*62722 


908 


1-67598 


730 


•04876 


178 


54 


54 


6100 


1-63630 


898 


1-683*28 


724 


* 04696 


174 


55 


21 


6150 


1-64528 


888 . 


1-69052 


718 


* 04524 


170 


55 


48 ' 


6200 


1-65416 


878 


1*69770 


713 


* 04354 


165 


56 


15 


6250 


1-66294 


867 


1-70483 


705 


04189 


162 


56 


42 


-6300 


1-67161 


858 


1-71188 


700 


•04027 


158 


57 


09 


•6350 


1-68019 


847 


1-71888 


694 


•03869 


153 


57 


36 


-6400 


1-68866 


836 


1*72582 


687 


•03716 


150 


58 


03 


-6450 


1-69702 


826 


1-73269 


680 


•03566 


145 


58 


30 


•6500 


1*70528 


815 


1*73949 


674 


•03421 


142 


58 


57 


-6550 


1*71343 


805 


1*74623 


667 


•03279 


138 


59 


24 


-6600 


1-72148 


795 


1*75290 


660 


•03141 


134 


59 


51 


•6650 


1*72943 


783 


1*75950 


653 


•03007 


130 


60 


18 


•6700 


1*73726 


773 


1*76603 


647 


•02877 


127 


60 


45 


•6750 


1*74499 


762 


1*77250 


639 


•02750 


122 


61 


12 


•6800 


1*75261 


752 


1*77889 


632 


•02628 


120 


61 


89 


•6850 


1*76013 


740 


1-78521 


625 


•02508 


115 


62 


06 


•6900 


1-76753 


730 


1-79146 


617 


•02393 


113 


62 


33 


•6950 


1*77483 


718 


1*79763 


610 


•02280 


108 


63 


00 


•7000 


1*78201 


708 


1*80373 


602 


•02172 


106 


63 


27 


•7050 


1-78909 


697 


1-80975 


595 


•02066 


101 


63 


54 


■7100 


1-79606 


685 


1-81570 


587 


•01965 


99 


64 


21 


•7150 


1-80291 


674 


1-82157 


579 


•01866 


95 


64 


48 


-7200 


1-80965 


664 


1-82736 


571 


•01771 


02 


65 


15 


7250 


1*81629 


652 


1-83307 


564 


•01679 


89 


65 


42 


•7300 


1*82281 


640 


1-83871 


555 


•01590 


86 


66 


09 


•7350 


1-82921 


630 


1-84426 


547 


•01504 


82 


66 


36 


•7400 


1-83551 


618 


1-84973 


538 


01422 


80 


67 


03 - 


7450 


1-84169 


607 


1-85511 


530 


01342 


77 


67 


80 ' 


7500 


1-84776 


595 


1-86041 


522 


* 01265 


73 


67 


57 • 


7550 


1-85371 


581 


1-86563 


513 


-01192 


71 


68 


24 ' 


7600 


1-85955 


573 


1-87076 


505 


•01121 


68 


68 


61 • 


7650 


1-86528 


561 


1-87581 


496 


-01053 


65 


69 


18 ' 


7700 


1-87089 


549 


1-88077 


486 


-00988 


63 
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Table of thb Relattvs Dimbitsionb of Bxltb ahd Pullstb — continued. 



Ikclucatiok. 


W-P. 


B-P, 


B-W. 




o 


1 


Decim. 


Yalae. 


Diff. 


Value. 


Dur. 


Value. 


Diff. 


69 


45 ' 


7750 


1-87638 


538 


1-88563 


478 


•00925 


60 


70 


12 • 


7800 


1-88176 


526 


1*89041 


470 


-00865 


57 


70 


39 ■ 


7850 


1-88702 


515 


1*89511 


459 


-00808 


55 


71 


06 ' 


'7900 


1-89217 


503 


1*89970 


451 


•00753 


52 


71 


33 ' 


7950 


1-89720 


491 


1-90421 


442 


•00701 


49 


72 


00 


'8000 


1-90211 


480 


1*90863 


432 


•00652 


48 


72 


27 


-8050 


1-90691 


468 


1*91295 


423 


-00604 


45 


72 


54 ' 


•8100 


1-91159 


456 


1-91718 


413 


•00559 


43 


73 


21 


-8150 


1-91615 


444 


1*92131 


404 


•00516 


40 


73 


48 ' 


-8200 


1*92059 


432 


1-92535 


394 


•00476 


39 


74 


15 


-8250 


1-92491 


420 


1*92929 


884 


•00437 


36 


74 


42 


-8300 


1-92911 


409 


1-93313 


874 


•00401 


34 


75 


09 


-8350 


1-93320 


897 


1*93687 


864 


•00367 


32 


75 


36 


-8400 


1-93717 


884 


1*94051 


855 


•00335 


31 


76 


03 


-8450 


1-94101 


873 


1*94406 


844 


•00304 


28 


76 


80 


-8500 


1-94474 


861 


1*94751 


834 


-00276 


27 


76 


57 


-8550 


1-94835 


848 


1*95084 


824 


•00249 


24 


77 


24 


-8600 


1*95183 


837 


1*95408 


313 


•00225 


24 


77 


51 


-8650 


1-95520 


325 


1*95721 


803 


•00201 


21 


78 


18 


•8700 


1-95845 


812 


1*96024 


293 


-00180 


20 


78 


45 


-8750 


1-96157 


800 


1*96317 


282 


•00160 


18 


79 


12 


-8800 


1*96457 


289 


1*96599 


271 


-00142 


17 


79 


39 ' 


8850 


1*96746 


276 


1-96870 


261 


•00125 


16 


80 


06 


-8900 


1*97022 


264 


1-97131 


250 


-00109 


14 


80 


33 


-8950 


0*97286 


252 


1-97381 


239 


•00095 


13 


81 


00 


-9000 


1*97538 


239 


1*97620 


228 


-00082 


12 


81 


27 


-9050 


1-97777 


228 


1*97848 


217 


-00070 


10 


81 


54 


-9100 


1-98005 


215 


1*98065 


205 


-00060 


10 


82 


21 


-9150 


1-98220 


203 


1*98270 


195 


•00050 


8 


82 


48 ' 


-9200 


1*98423 


191 


1*98465 


183 


-00042 


7 


83 


15 


-9250 


1*98614 


178 


1*98648 


172 


•00035 


7 


83 


42 


-9300 


1-98792 


166 


1*98820 


161 


•00028 


5 


84 


09 


-9350 


1-98958 


154 


1-98981 


149 


•00023 


5 


84 


86 


•9400 


1-99112 


142 


1*99130 


138 


-00018 


4 


85 


03 


•9450 


1*99254 


129 


1*99268 


126 


-00014 


4 


85 


30 


•9500 


1*99383 


118 


1*99394 


114 


•00010 


3 


85 


57 


•9550 


1*99501 


104 


1-99508 


103 


-00007 


2 


86 


24 


•9600 


1-99605 


93 


1*99611 


90 


•00005 


1 


86 


51 


-9650 


1-99698 


80 


1*99701 


79 


•00004 


2 


87 


18 


•9700 


1-99778 


68 


1*99780 


67 


•00002 


1 


87 


45 


•9750 


1*99846 


55 


1*99847 


55 


-00001 





88 


12 


-9800 


1*99901 


43 


1-99902 


43 


-00001 


1 


88 


39 


•9850 


1-99944 


81 


1*99945 


30 


•00000 





89 


06 


•9900 


1-99975 


19 


1-99975 


19 


•00000 





89 


33 


•9950 


1*99994 


6 


1*99994 


6 


•00000 





90 


00 1 


•0000 


2*00000 


• • 


2*00000 


• t 


'00000 


• • . 



In order to make tho use of this table clear, we give an example : — 

Let the distance between the centres be 26 in., the first diameter on the wheel 27 in., the 
first on the pulley 3 •65, and the fourth on the pulley 7*80, it is required to compute the fourth 
diameter on the wheel. 

The first business is to reduce these dimensionB to decimal parts of the distance between the 
centres; this is done by dividing them all by 26; the results are Wi = 103846: P, = •14038; 
P4 = -30000. From these we find W. - F, = -89808, and we have to seek, by help of the table, 
the corresponding value of B — P,. Now, the nearest number to the above '89808 which we find 
in the table is •89396, which corresponds to B — P = J * 14832 ; we have, therefore, to make a cor- 
rection ^ interpolating by means of the proportion 1402 : 910 : : 412 : 267 ; wherefore the value 
of B — ^, comes out 1 • 15099, and adding to this the value of F| we have the belt-diameter 
B = 1*29137. (If it were worth while, we might convert this into mches, obtaining 33 • 5756 in. 
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for the diameter of the wheel round which the belt would just fit, and giving 105*48 in. for the 
len^ of the belt itself.) 

Subtracting the fourth pulley diameter, namely, * 80000, from this, we find B ~ P^ = * 99187. 
Seeking in the proper column for thia number, we find * 98525, differing from what is wanted 
by 612. The oorrenponding tabular value of W — P is * 63295. which has to be corrected by 
interpolation, thus, 899 { 1488 :: 612 : 1018, giving the true value W. — R = '01808: where- 
fore W4 = '94808, or in inches 24-52, which is the dimension sought for. The calculation may 
be arranged thus :— 

W, = 103846 

P, = 14038 

W,-P, = -89808 

Table -89396 

Tabular Error 412 ; 1402 : 910 :: 412 : 267 

Table 1*14832 

Correction + 267 

B-P, = 115099 

P, = 14038 

B = 1*29137 

P, = -30000 

B-P, = -99137 

Table -98525 

Error 612 ,• 899 :— 1488 :: 612 : 1018 

Table -68295 

Correction + 1013 

W4-P, = -64308 

P^ = -30000 

W^ = -94308 = 24-520 in. 

To this it may be necessary to add an ezamj^e in which the diameter of the pulley is wanted : — 
Let the distance between the centres be 27*5 in., the lesser diameter on the pulley 3-5, the 

greater diameter on the wheel 27, and the lesser diameter on the wheel 24 : and let us compute 

the corresponding greater diameter on the pulley. 

Dividing iJlby 275, we obtain P, = a2727, W, s -98182, W, = *d7273; whence 

W, ., = •98182 

P, = -12727 

W.-P, = -85455 

Table -85156 

Emr 299; 1419 :- 509 :: 299 : -107 

Table '26947 

Correction .* ~ 107 

B-W, = -26840 

W, s= -98182 

B = 1-25022 

W, = -87273 

B-W, = 87749 

TthU -38257 

Bnor - 508; -616: 1507 :: -508: 1248 

Table -55798 

Coneotion + 1243 

W,-P, = -57041 

W, = -87273 

P, =■ -80232 = 8-314 in. 

If a set of pulleys and wheels be suited to each other, so that one band may go round each paiic 
and if another set be made by augmenting all the diameters by one and the same quantity, then 

T 
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this fieoond set also will have the pioperty of being roited to one band. Hence, if a pair of driving 
oones be suited to a belt of one thlokneas, they will also suit a belt of any other thicKness. 

When we have to do with wheels to be driven by means of round bands, and in which the edges 
are grooved, it is convenient to make the calculations as for the diameters of the oylindrio surfaces 
A A, into which tiie grooves are to be cut, and we must take care, after 
these cylindric fillets are dressed, to cut all the grooves to one gauge. 
This being done, and a band of any thickness being fitted to one pair of 
grooves, the same band will fit the remaining pairs. 

When the belts are to be crossed, there is no trouble in computing 
the diameters ; for if the sum of the two diameters be kept the same, the 
length of Uie belt remains unchanged. In order to compute the length 
of a crossed belt, we have only to enter the column titled W — P with 
the simi of the diameters instead of their difference, and then the corre- 
sponding value in the column B — P is the belt diameter. Such a com- 
putation is very seldom needed, but merely for the sake of completeness 
an example is added. 

The distance between the centres being 80 in., and the diameters of 
the wheel and i^uUey being 43 in. and 7 in. respectively, the length of the 
crossed belt is wanted. 

Here the sum of the diameters is 50 in. : this divided by 30 gives W -H P = 1 '66667 : hence 

W + P 1-66667 

Table 166294 



Error 



878; 867 : 705 :: 373 : 303 



Table 
Correction 



1-70488 
803 



B = 1-70786 = 51-236 in. 

whence the length of the crossed belt is 161 -05 in. 

When a belt is passed over the circumferences of two pulleys, so as to connect the motion of the 
one with that of the other, it seems as if the velocities of these two circumferences ought to be 
alike ; and that difierence which ia observed whenever a belt is used for communicating determi- 
nate velocities, has been attributed to the slipping of the belt, or to that imaginary cause, ike 
imperfection of machinery. The actions of machines, however, are governed by £ws as exact and 
invariable as those which regulate the motions of the planets ; and what we call the imperfections 
of those actions are only evidences of our ignorance of, or our inattention to, those properties of 
matter from which they inevitably follow. These accommodations, as we may call them, are essen- 
tial to the comfortable action of machines, and bring within our reach the use of contrivances 
which would otherwise demand unattainable perfection in workmanship. An investigation of the 
action of the drivin^belt shows that its supposed imperfection is an accompaniment essential to 
this mode of propulsion, and governed, like all other natural phenomena, by precise laws. 

To place the nature of the action in a clear light, let Fig. 668 represent a pair of wheels con- 
nected by a belt, A being the centre of the driving, B that of the driven wheel^ and C D £ F G H 
the belt moving in the direction of the letters. 

The apparatus being brought to rest, and the tensions on the two open parts, C D and F O, of 
the belt bemg alike, let us attempt to put it in motion by applying pressure to the wheel A. The 
wheel B will not begin to move until A has first turned a nttle round, so as, bv augmenting the 
tension on F O, and relaxing that on C D, to create a difference of tension sumoient to overcome 
the resistance offered to the motion of the wheel B. But this difference of tension can only be 
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created by the adhesion of the belt G G H to the surface of the wheel A, and can only be permitted 
to exist by the similar adhesion of D E F to the surface of the wheel B. And again, these frictions 
necessarily depend on the pressure which the belts exert upon the surface of each wheel ; so that 
the first branch of our inquiry must be into the law of the pressure of a belt against the curved 
surface to which it is applied. 

Let then F G H G D, Fig. 669, represent a belt which, while kept to a uniform tension, has been 
partially wound on the circumference of the wheel A. Our business is to discover the pressure 
which the belt exerts against each i)ortion of the arc G C H. 
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Hftving biflecsted the aro of contact in H, assnme a Bmall element Pj> of the half H G ; the 
prauure on this minute portion of the eizcmnferenoe of the wheel, neceesarily directed to the 
centre A, mav be deoompoeed into two portions, one parallel to and the other perpendicular to H A. 
That part which la perpendicular to H A is balanced by a similar pressure obtained from the 
corresponding element of the aro H G, and so is eliminated ; but that part which is parallel to 
H A is augmented by the apalogous pressure on the other side, and the sum or integral of all such 
pressures must make up the resultant of the tensions of the two free parts of the belt. If we put 
r for the radius of the wheel, a for the angle HAP, and da for the nunute increment P Ap (cf a is 
termed the differential of a very small angle, not ^ x a ; this is the very clumsy notation of the 
differential calculus), also p for tiie pressure of the belt against a linear unit of the circumference, 
prda must represent the pressure of the belt against the arc Pp, of which the length iarda. 

This pressure, prda, acting in the direction P A, gives, when estimated in the direction H A, 
the value p r, cos. a. da. The integral of this for the angle a is p r sin. a, and therefore if A repre- 
sent the angle HAG, 2pr tan. A is the value of the whole pressure of the belt against the 
surface G H G, estimated in the direction H A. But if « be put tor the uniform strain on the belt, 
2 8 sin. A is the value of the resultant of the two tensions GF and G D, wherefore pr = 8, because 
2p r sin. A =: 2 « sin. A ; that is to say — 

The pressure of the belt against a portion of the circumference equal in length to the radius is just 
equal to the strain on the belt. 

Or, as it may otherwise be stated. The pressure aaainst a linear unit of the circumference is equal 
to the tension of the belt divided by the number of the linear units in the radius of curvature, since 
s 

,= _. 

Before proceeding to apply this principle to the investigation of friction, it is necessary to point 
out one or two important corollaries : — 

When a cord, supposed to be of uniform tension, is wound round any object which is not cylin- 
dric, the pressure is greatest upon those parts which are most salient, since the radius of currature 
there is the least, and therefore the tendency is to bring the object nearer to the-cylindric form. 

Again, if a belt be passed over two wheels of different diameters, the pressure per linear inch 
is greater on the circumference of the smaller wheel, and hence the tear and wear both of the belt 
and of the surface must be greater there : and since the parts of the smaller wheel come more fre- 
quently round to be acted on than do those of the larger, it follows that the abrasion on tiie lesser 
wheel is greater than that on the larger, roughly, in the inverse ratio of the squares of their 
diameters. This is in accordance with the fiuct, well known to turners, that the puUey-groove 
wears away manv times faster than the eroove in the fly-wheel. 

When a guide-pulley is used to deflect or to tip;hten a band, the pressure upon it is inversely 

Sroportional to the radius of the pulley ; and the injury done to it must, on account of the greater 
exure, be in a still higher ratio : hence the importance of having such pulleys made as large as 
circumstances will allow. It is to be remarked that the angle of oeflection has nothing to do with 
this action, which remains the same however small or however great the aro of contoct may be ; 
the amount of deflection, however, has to do with the friction on the axis of the pulley, and cannot 
be overlooked in an estimate of the general working of the machinery. 

When tiie radius of curvature is very small, the injury done to the surface of the belt by what 
may be called a mere contact, becomes very great, bemg inversely as the radius of curvature and 
directly as the tension : hence the ease with which a tight cord is cut. The edge of the Imife has 
its radius of curvature exceasively small, and its penetrating power is enormous. 

In Ais investigation we have assumed the belt to be uniformly tense, and the surface to be 
uniformly curved uiroughout. To accommodate the result to those cases in which the tension and 
the curvature are variable, we must restrict the formula to an infinitesimal portion of the arc of con- 
tact. Thus, if a be the inclination of the normal to a fixed line, r the radius of curvature of the 
arc, and therefore rda tiie 'length of an element of that aia we shall have prda = sda,Bo that 
the pressure of the belt against a small portion of the curved surface is proportional to its angular 
extent and to the tension of the belt, without reference to the radius of curvature. Supposing the 
tension to be idike, the pressure of the belt cm one degree of the circumference of the puUey is just 
equal to its pressure on one degree of the circumference of the wheel. 

When the tension of the belt is not uniform, there must be a tendency to slip from those parts 
where the tension is small towards those where the tension is great, and this tendency can only be 
counteracted by the friction on the ^q 

intermediate surface. So long as 
this friction exceeds the difference 
between the two tensions there can 
be no change; but whenever the 
difference of tension exceeds the 
friction on the intermediate arc of 
contact the belt must slip. Thus, 
if the belt at O, Fig. 670, be 
strained to a tension S. while at P 

the tension is only s. tnere can be ->,^^ 

no slipping when tne friction on f 

the intermediate arc G P is greater 
than S — « : and therefore, if the belt be actually slippine, or on the point of slipping, the friction 
on G P must be exactiy equal to the difference between the strains S and s. 

Experiment has shown that, for all practical purposes, faction may be regarded as bearing to 
the pressure a ratio constant for the same materials, but varying from one material to another; 

Y 2 
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and this ratio, represented by what is called the coefficient of friction, has been determined for a 

great variety of substances. Let us put / for this coefficient, so that, p being the pressure, fp may 

be the corresponding friction. 

Take now P />, a minute increment to the are G P ; the difference between the tennons at P 

and p^ when the belt is slipping, must be equal to the -friction on the intermediate arc Pp. Now, 

although in strictness the tension augments from P to p, yet when Pp is supposed to be infini- 

tesimally minute, we may neglect this variation, and assume that the pressure upon the arc Pp is 

sda, and that, therefore, the Motion upon that are ia fada. In this way the increment of the 

d 8 
tension from P top becomes ds = /»rfa, whence — = fda. 

It is well known that the quotient of the differential of a variable by the variable itself, is the 
differential of the hyperbolic logarithm of that variable ; wherefore, passing from differentials to 
their integrals, we have /a = log.^ « + constant. 

If then A and a be the inclinations of two normals to a fixed line, 8 and a the tensions of the 
belt at their extremities, we must have /Ac log., 8 + constant, / a = log., a + constant, and 

subtracting, in order to eliminate the intermediate constant introduced by the integration, we get 

/(A-a) = log., -?-. 

It thus appears that, when a belt is slipping, the difference between the logarithms of the ten- 
sions at two points is proportional to the angular interval between those points, without any regard 
to the radius of ourvatmre, and that, therefore, this law holds good of unequably as well as of 
uniformly curved surfaces. 

If we measure off a series of equal angles, GAP, PAH, HA I, lAK, and so on, the logarithms 
of the tensions at the points G, r, H, I, K, and so on, must be in arithmetical progression, and the 
tensions themselves in continued proportion : this is also evident when we put the above equation 

under the form — = c ~* , in which c is the basis of the hyperbolic system of logarithms. 

In order to prepare the above formula for actual use, we convert the neperian into common 
logarithms by multiplying each side of the equation by M = -43429 44819, and so on, the modulus 

Q 

of common logarithms, and obtain M/ (A — o) = log. — • 

But here again the angles A and a are represented by arcs measured in parts of the radius, 
whereas it is customary to estimate them in degrees. Now, for half a turn A — a is ir = 3* 14159 
26536, wherefore for 1° of the ancient (or common) division the difference of logarithms must be 

M/^rrrr , or for one degree of the modem division M/ r^- Wherefore if d° be the number of 

ancient, (f the number of oenteeimal degrees over which the belt touches, 

log. - = /d© X 00757 98686 

= /«« X 00682 18818 
will giye the ratio of the tensions at its two extremities when the belt is slipping. For half a turn 
the difference of the logarithms is / x 1*36437 63538; and thus, if the friction between the two 
sufaoes were equal to the pressure, the ratio between the tensions of the two ends of a belt bent 
half round any cylindroid would need to be 23 : 1 before the belt would begin to slip. 

When we know the coefficient of friction and the angle of contact, we can compute, by the 
above formula, the ratio of the tensions ; conversely, if we have obtained the ratio of the tensions 
by experiment, we can compute the coefficient of friction ; or, lastly, having given the coefficient of 
friction, we can calculate the angular extent which may cause a given ratio between the tensions. 

If, in the material used, the friction were one-fourth part of the pressure, and if a belt wore 
thrown over a fixed pulley, as shown in Fig. 671, the logaritiim of the ratio ot the tensions would 
be 0-3410941, and the ratio itself would be 219328 : 1 ; so that if a weight of 2*19 lbs. 
were hung on at Q, a weight of 1 lb. at R would be sufficient to prevent it from falling, 
whereas it would take 4*81 lbs. at B to draw Q up. If the belt were thrown round so 
as to make the contact over three half-turns, the ratio of the strains would be the cube 
of the preceding, or 10*5572, so that 1 lb. at B would prevent the fall of 10 lbs. at Q. 

Hence the advantage which a sailor obtains by casting a line round a spar. With 
one turn he is able to resist a strain, say, four times that which he can exert directly ; 
with another turn he squares the ratio and obtains an advantage of sixteen times ; 
with a third turn an advantage of sixty-four times. In this way he is able to command 
the strain on the cable, so as by paying it out to stem gradtlally the motion of the ship. 
Hence also it is that one man pulling at the loose end of a rope can prevent it from 
slipping on a windlass at which severs! men are working. 

Another example of the application of tiiis law is as follows : — Having tied a weight to the end 
of a string, let us give the strmg a few turns round the smooth axis of a fiy-wheel, and then pull 
at the free end. If the weight Ibe, say, 1 lb., we may exert a strain of perhaps 60 lbs. without 
causing the cord to slip upon the axis : and by steadily continuing to pull, we put the fly-wheel in 
motion. But when we cease to pull, the force which the fly-wheel has aoauirea carries it forwards 
so as to raise the weight and relieve the tension of that end of the oora by which we hold. As 
soon as this tension is reduced to the sixtieth part of a pound, the cord sline, and, if we let back the 
string, the weight falls. In this way, by altematelv pulling and letting down, we generate motion 
only m one direction, since the resistance downwards is but a small fraction of the preMure exerted 
upwards. 
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Thia rapid accumulation of rcflistance oxplaina the custiouB of ties, spliceSf and knots of all 
kindb : the mnnner in which it takes place is, on that account, deserving of careful study. 

Having now considered the elementary principles on which the action of the djriving-belt 
is foimded, E. Sang proceeds t» the proper subject of hie essay. 

Let us suppose that, while a definite resistance is offered to the motion of the wheel B, the 
apparatus represented in Fig. C68 is actually turning, in consequence of a force communicated 
through the wheel A. The free part, G F, of the belt has been strained, and the part C D relaxed^ 
until the difference between the two strains has become eoual to the offered resistance. Thus at G 
the belt is lapped upon the driver in a distended state ; out it cannot remain in this state imtil it 
reach C, for we have seen that any difference in tension between two parts of the belt can only 
exist in consequence of tho friction on the intermediate surface. If the angidar distance G H 
correspond to the ratio of the two tensions, the parts of the belt, as soon as they reach H, must 
begin to contract, and so fall behind the surface of the wheel in its onward progress; and this con- 
traction must go on until each part arrive at C in that particular state of distension which is due 
to the strain on G D. 

The belt, in its now contracted state, is applied at D to the surface of the pulley B, and pro- 
ceeds along with that surface until it reaches a point E, having the angular distance £ B F equal to 
HAG; there it begins to be distended, and it reaches F in a state to exert the tension on F G. 

Thus it appears that in the ordinary and perfect action of a belt there is necessarily a slipping 
over the surfaces of the wheel and of the pulley ; a slipping which is evinced by the polish and 
tear and wear of those surfaces. The ordinary notion that the velocity of the wheel should be just 
that of the belt is thus seen to be altogether erroneous, and the idea of communicating a detenni* 
nato velocity by means of a belt to be quite a fallacy. 

If, on account of increased resiutance to the motion of B, tlie ratio of the tensions on F G and 
D be augmented, the extent of the arcs of slipping must increase also ; and as soon as the ratio 
becomes what is due to the arc D F, the belt will he drawn over the pulley without carrying it 
along, and then the belt slips* in the ordinary acceptation. Now tho angle of contact is greater on 
the larger wheel, and therefore we may be prepared to expect that the belt should slip on the 
pulley. With crossed belts the angles of contact are nearly alike on both surfeu^ee, and minor 
circumstances are then sufficient to determine on which of the two the slipping will happen. 
Hence it is useful to arrange the machinery so that the curvature of the slack part of the belt may 
augment the angle of contact ; in general, it is best to have the upper free part slack. 

The remedy for the slipping is to augment the general tension of the belt either by increasing 
the distance between the censes or by shortening the belt; in some cases by using deflecting 
pulleys. These remedies would have been ineffectual if the angular distance C H hM. been pro- 
portional to the difference between the two tensions instead of to the difference between tneir 
logarithms; but as it is, when we augment equally both strains we diminish the ratio between 
them, and thus lessen the distance over which the slipping takes place, so as to bring it within 
FD. 

In practice it is clearly advanti^eous to have tho belt as slack as the nature of the work will 
permit, in order to have no avoidable strain and friction upon the axes. This arrangement is 
readily made by trial, and must, indeed, be repeatedly performed in consequence of the permanent 
elongation which takes place in new belts ; nevertheless, in order to leave no essential part of the 
theory untouched, we propose to compute the actual quantity of belt which must be used to over- 
come a stated resistance. 

From the dimensions of the machinery we can easily ascertain the angle DBF, and from that, 
^f the coeiHcient of friction be known, the utmost ratio. that can be allowed between the strains on 
the two free parts of the belt. The nature of the work to be done gives us the difference between 
those strains, and thus, by the solution of a very easy equation, we can compute the strains them- 
selves. 

ifdhe the required difference, and if p be the ratio of the two strains, we must have 

B = -i— ; 8 = -, 

p-l p-1 

where, according to what has been already shown, p = ^^^^^^^^ 

Having now ascertained the values of the strains to which the two parts of the belt must 
be subjected, we can discover how much belt must be used by attending to the law of its exten- 
sion. Having suspended a piece of it by one end, and measured the diSance between two marks 
made on it, we attach a known weight to the lower end, and measure the increased distance 
between the same marks. By this ecperiment we discover the law of distension of all belts of 
the same material. Let x be the extension of one unit in leng^ when its own weight is hung on ; 
then if 10 be the weight per foot of another belt of the same material, / its length when imstrained, 

cud » the strain to which it is subjected, its length on being strained becomes / [ 1 + — « ] . 

For ordinary practice it is sufficient to suppose that the whole length of the belt is subjected to 
the average of the two strains, S and 5, so that if Q be the quantity of belt, that is, the length 
measured when there is no tension, and L the true length of the line C D £ F G H, 

When the material is not very extensile, the quantity of extension, or the distance which the 

two ends should want of meeting oefore they are joined together, is given to a sufficient degree of 

X 8 4* 9 
precision by the formula, L — Q = L ^r* , from which we see that the distension of the band 

w a 

Is nearly proportional to the strain on the axes. 
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ThJB computation is, howeyer, only approximate. If we wish to obtain a tnie reonlt we must 
look more narrowly into the oonditiona of the problem ; and although, for practical porpoeea, this 
be a mere refinement of exactitude, it is yet useful in leading to a just perception of the principles 
inyolved. 

Let G be the distance between the centres, B and r the radii of the Irwo wheels, and t the incli- 
nation of each free part of the belt to the straight line joining the centres : then in the case of the 
plain belt we have 

B — r = C sin. •', 
G D = a COS. t, 
DP = r(»-20, 
OG=:B(tr + 2i>, 

80 that the entire length of the belt, taking no account of the deyiation from straightness caused 
by its own weight, is L =r 2 G cos: » + ^ (B + r) + 2 1 (B - r). 

The belt is in various states of tension at different places. From G to D there is the uniform 
tension s ; from D the tension gradually increases to F, where it becomes equal to B ; from F to O 
the tension remains constant, nor does it begin to change until we reach the point h, so taken 
that the angular distance G A is egqal to D F ; at that point the tension begins to decrease, until 
it is reducM to 8 at the point G. These are the phases when the belt is plain and when the 
larger wheel drives. 

Putting h t(a —y that is, for the extensibility of the actual belt, the quantities on the two 

to 

free parts G D and F G are , . ' and ' ; the length of the aro G A is L, 4 B i, and since 

4 Bf 

the tension on it is 8, when the larger wheel drives, the quantity of belt is r^-^ . 

There remain vet to be computed the quantities of belt on the two arcs D F and A c, over 
which the tension is variable. 8mce these are similar arcs of different circles, and since the grada- 
tion of strain is alike in both, the quantities of belt on them must be proportional to their radii, 
and so one investigation is enough. 

Let, then, 9 be an aro over which the tension varies, and let i 9 be an element of that aro, the 

radius being unit ; then if 5 be the strain at the beginning, « c is the strain at the end of the 

arc, and the quantity of belt applied iodBiBdq=idBl-hk€ s) 

The integral of tiliis gives the quantity of belt on the whole aro 9 to be 

^^ 1 : l + k$ 
^ = ^+ log., ^, 

J 1+A»c*^ 

To adapt this general formula to our present case, we must put 9 ss «• - 2 1, and observe that 

then 8 « becomes the major strain 8, so that (B + r) |r - 2 1 + y log., _ __. \ u the quantity 

of belt covering these two arcs. Hence the length of the entire belt in its unstretched state must, 
in order to give the requirite strain^ be 

and the amount of contraction when the belt is taken off the wheels should be 

L~Q = acos..Y-ii.+ -*5-.U4.B-*l- + ?^^og. L±i^ 

When the smaller wheel leads the larger, the tension on the aro G A is only <, and the above 
formula becomes 

L-Q. = acc..(^-lL- + j^) + 4.Bj^+»(B+r,log..l±iS. 

And, when the belt* is orossed, we have a sin. t" = B + ^ and the angles of contact, v + 2 •* 
each, the point. A, merging into G ; hence the entire length in that case is 

y = 8acofci'+ (B + r) (»+ 2i'X 
and the amount of distension, L' - Q" == COB. •' ^j^^ + Y^^) ^ 

If we develop the above values of the contraction in series, according to the powers of A, and 
omit the second and higher powers, which are always exceedingly small fractions, we obtain the 
approximations, 

L- Q =A /acos.t(8 + + *B»8+ l(B + r)(B-»)} 

L- Q'=A /acos.»(8 + + *Btj+ i(B + r)(8-«)} 

L'-.Q"=4 |aooe.t'(8 + 0+*B»«+ y(B + r)(8-j)} 

The last term of each of these expressions depends on 8 - «, that is, on the work to be done, 
while the first terms depend on the manner in which that work is accomplished. 
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Throughoat the whole of theae inquiries, the superiority of the crossed belt is apparent. Thus, 
in i>lain belts the ratio of 8 to « is much less than in crossed belts, and therefore the general 
tension and consequent friction must be greater. 

Haying now examined what may be called the statical part of our subject, and ascertained the 
relation between the resistance to be overcome and the length of the belt, Sang proceeds to consider 
those phenomena which attend the continuous motion of the apparatus. 

It at once follows, from the continuity of the belt, that if the resistance remain unchanged, 
equal quantities must pass over with the oircumference of both wheels. Now it is wrapped upon 
the driving in a more distended state than upon the driven wheel, so that the linear velocity of the 
latter must be less than that of the former. If B be the entire quantity of belt which has passed a 
^ven point, the distances traversed by the driving and driven wheels must have been B (1 + A S) and 
B (1 + A«) respectively. Now the force, or quantity of work done, is the product of the resistance 
by the distance passed over ; so that the force given out by the driver must have been B (S - «) 
(I + A 8), while that communicated to the pulley has only been B (8 - «) (^ + A <). Hence a belt 
does not transmit the whole of the force delivered to it. The origin and nature of this loss have 
not, so far as I am aware, ever been adverted to, and on this account I shaU examine it the more 
minutely. 

Subtracting the second expression from the first, and replacing for h its equivalent — , wc linvc 

loss of force = B ' (S - s)*. 

w 

From this it appears that the loss of force is directly proportional to the extensibility of the 
material of the belt, and inversely to the weight of a given length of it : and hence the aovantage 
of using a material not easily stretched, and also, with a limitation to be hereafter noticed, heavy 
rather than light belts. 

Again, if we have to create a given tension, we may, by augmenting the diameters of both 
wheels proportionally, reduce 8 - s ; for example, with double ajameters we should have 8 - « 
halved, audits square quartered; but then the belt would pass with double speed : so that, taking 
all into account, the loss of force would be halved, provided the strength of the belt be not chaaged. 
Hence we have these maxims : — 

The loss of force is directly proportional to the specific extensibility of the material, inversely 
proportional to the weight of one foot of the belt, and also inversely proportional to the diameters 
of the wheels when their ratio and the work to be done are fixed. 

The only absorbent of this lost force is the friction of the belt upon the surfaces of the two 
wheels. In order to compute the amount of this friction, let tr be the strain at any part of the arc 

over which the slipping takes place, and — the quantitative velocity of the belt, then — (1 + A (r) 

T T 

is the linear velocity of that part of the belt, while — (1 + A 8) is the velocity of the surface of 

T 

the wheel ; so that the rate of slipping must be — ^ (B - o*). Now the friction on an element of the 

T 

arc is necessarily <f 0*, so that ^ A (S - ir) (f o* is the rate at which force is absorbed by friction 

T 

upon this element. Integrating from 0* = 8 to 0* = », and extending the computation over the 
wnole time, the force lost by friction on the wheel is } B A (8 — ii^ : that consumed by friction on 
the pulley is also } B A (8 - s)* ; and thus the total loss is B A (8 — «)'» precisely what we found 
by comparing the velocities of the two wheels. We may observe here that the same result would 
have been found although any other law of frietion or of extensibility had been assumed ; and it 
is also worthy of notice that this force has been distributed equally between the two wheels, irre- 
spective of their diameters. 

The amount of force delivered to the driver is (8 - «) (1 + A s) B, but the whole of this is not 
communicated to the free parts of the belt, a portion (8 - <H B A being previously absorbed by 
friction on the sur&oe of the driver. The force received by the free parts of the belt, and by them 

transmitted to the pulley, is thus, B (8 - «) 1 1 + ^ ^ |. Of this, again, a second portion 

J B A (8 - «) is intercepted by the friction on the muhM, and only B (8 — 5) (1 + A s) communi- 
cated to the shaft of the pulley. 

In the above formula, for the force actually trsnsmitted along the &ee parts of the belt, we may 
observe that the last factor is, for all practical purposes, a constant quantity for a given belt when 
once put on ; for although the apparatus may encounter a variety of resistances, 8 - s, the sum of 
the two tensions, 8 and «, hardly varies. 

Now the distanoes passed over by the oiroumferences of the two wheels are susceptible of easy 
measurement : let us suppose that in the time r, these distanoes have been found to be D and d; 
thenwe8hallhaveDsB(l + AS); d= B(l + A<); whence 

s-' = -Br'H'"^*"2-)=-2-' 

K> that the force transmitted through the free parts of the belt is — p— , ^^ • 



In perfect str i ctn e ss this formula ia only true if the tensions remain uniform during the whols 

time, for the last factor -^r^- varies slightiy with the resistance to be overcome. In praotioe, 

2 B 
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howeTer, this factor scarcely differs &om ^r i ^^^ ^^^ ^^"^^ ^^ snbstituting this latter for it is 

contained within very narrow and ascertainable limits ; hence we may assume, for all practical 
purposes, the formula 

Tianamitted force = (D - (Q -p- . — , 

as giving the amount of force transmitted during the time over which the measurements extend. 

(D - <n« L to 

The entire loss of force m the same time is 2 _ . ^ -;r , one-half being lost at each 

u + a Q w 

surface. 

Knowing, then, the specific extensibility of the material which is denoted by », and v> the weight 
of a linear unit of the oelt used, we are prepared to register the amount of force 'actually tnms- 
mitted by it. For. this purpose, we bring the edges of two light pulleys to bear gently upon the 
two free parts of the belt, so as to register the distances through which they move, and then the 
differences between these distances is proportional to the transmitted force. 

Even although the belt be not quite uniform in thickness, this method of registration still 
answers, particularly if the values of x and w be determined by experiments made on the whole 
length of the actual belt. 

Hitherto we have reasoned as if the belt had no thickness, as if the surfaces of the pulleys 
were truly cylindric, and as if the material were perfectly elastic. We have yet to take aU tiiese 
drcumstances into account. 

For the purpose of obviating the tendency which a flat belt has to run off the pulleys, the 
surfaces of these are made convex in the direction of the axis. At first thought it would appear 
that such a form would increase the tendency to run ofE^ and that a grooved or hollow contour 
would rather be needed ; but a little reflection clears the matter up. When a band of rope or of 
ox-gut is used, the wheels are made with deep grooves; in these cases the roundness of the band 
allows it to roll, so to speak, down the declivity of the groove whenever the inaccurate position of 
the wheels has tended to lead it out of its proper place. The spiral motion resulting from this 
action is familiar to turners. Since the pressure upon the sides of the groove is augmented in 
proportion to the cosecant of the half angle, the friction is augmented in the same proportion, 
and hence deep angular grooves give a better hold to the buid, and enable the lathe to run more 
lightly than round-bottomed grooves do. 

But when a flat belt is used, this rolling cannot take place, and the adhesion of the surfaces 
causes an action which may be best explaiiked by help of a simple mechanical illustration. 

Having provided a slightlv tapered cone A B C D, let a belt £ F be attached to its surface in 
a direction perpendicular to the axis ; and then let the cone be turned gently round while the 
tape EF, with a strain upon it, is obliged to pass ^^^ 

through a flxed aperture at F. That side of the belt ^ A 

which is toward the larger end of the cone is moro \ 

rapidly taken up than the other side, and the belt, in n \ 

consequence, gradually inclining from the perpendicular, '■'^ — ^ 

runs up toward the tiiicker end of the cone until the Q F 
obliquity of the strain directed to F causes it to slide. 

u the surfaces of the wheels were truly cvlindric, 
and exactly opposite to each other on parallel shafts, 
and if the belt were perfectly straight and uniform, 
there would be no tendency to move to the one side or to the other. But belts, and especially 
those of leather, are liable to irregularities, and their joints are with difficulty made straight, so 
that the two edges are not of equal length : besides, we are imable to arrange machinery with 
perfect accuracy ; hence arises a tendency of the belt to move aside : this tendency is corrected by 
the rounding of the peripheries. The effect of this rounding is easily seen. Whenever the belt 
has chanced to go to one side, that edge which is nearer the middle of the pulley is taken up faster 
than the other edge, and so the belt is soon brought into its place again, it may be here observed 
that this very provision which keeps the belt in its place so long as the machinery is in pToper 
action, tends to throw it off whenever the resistance becomes so great as to cause a slipping. The 
decree of rounding of the rims depends on the character of the oelts, and on the precision with 
which the machinery is erected ; it can, therefore, only be ascertained bv experience. The rounding 
should be made as slight as is consistent with security, since, as we shall see immediately, every 
deviation horn the cyUndric fhrm is accompanied by a losrof force. 

In their progress round the wheels, tne different parts of the belt are stretched and relaxed 
alternately. Now, if the material were perfectly elastic, the force expended on the distension 
would be reproduced on the contraction of the belt; but the imperfection of the elasticity prevents 
more than a portion of this force from being restored, and hence arises a loss^ the chanioter and 
amount of wmch we may attempt to examine. 

There do not exist any series of experiments on the phenomena of imperfect elasticity of suffi- 
cient extent or exactitude to make known the law according to which force is lost by it. Analogy 
and a few experiments have led to the belief that, within the limits of ordinary practice, the force 
reproduced bears to that which had been expended in disturbing .the natural condition of the pair- 
tides a ratio constant for a given material ; but observations that we have lately made have satisfied 
us that this law is far from oeing true, and that time has a great influence on the phenomena. For 
the present, it will be enough to observe that the loss of force will certainly be greater the greater 
the disturbance of the particles. 

Now, in changing from the state of tension S to that of 5, the amount of linear disturbance is 
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proportional inyersely to the weight, ir, of a giyen length of the belt, and therefore, in respect of 
this part of the action also, the loss of force is the less the heavier the belt is nuide. So for as we 
have yet seen, it is preferable to use heavy belts. 

When bent round the oircumferenoe of a wheel, the outer parts of the belt are distended, the 
inner parts relaxed ; and supposing the section of the belt to oe rectangular, the amount of force 
expended in making these changes is proportional directly to the breadth, to the square of the 
thickness, and inversely to the diameter of the wheel. Hence if two belts be of like streno^ but 
the one broad and thin, the other narrow and thick, the amounts of force expended in oending 
them must be proportional directly to their thicknesses ; and hence the advantoge of using broad 
thin belts. 

The practice of strengthening belts by riveting on an additional layer must be exceedingly 
objectionable ; indeed, it is difficult to see how any additional strength is gained, for the outer 
layer must be tight when on the wheel, and slack when free ; so that, in resdity, tne strength of 
only one layer can be available : the parts of the compound belt are puckered and open alternately, 
as evinced by the crackling noise. The proper procedure is to increase the breadth of the belt. 

If, as must be the case in all driving-belts, the rim of the wheel be rounded, the loes of force by 
flexure is augmented ; because the difference between the radii of the middle of the outer surface, 
and of the edge of the inner surface, is greater than if the rim had been cylindric; and hence the 
importance of having the rims as little rounded as possible. 

If the law of imperfect elasticity were known, we could reduce these various losses to calcula- 
tion ; as it is, we can only take a limited and very imsatisfactory view of the subject. 

The following investigation was undertaken by J. B. Francis, for the Merrimack Manufac- 
turing Company, of Mass., U.S., for the purpose of determining the relative fitness of shafting and 
belting, of particular materials, for a cotton factory being erected by this company. 

In factories and workshops, power is usually taken off from the lines of shafting, at many points, 
by pulleys and belts, by means of which the machinery is operated, as shown in Figs. 664, 665. 
When the machines to oe driven are below the shaft, there is a transverse strain on the shaft, due 
to the weight of the pulley and tension of the belt, which is in addition to the transverse strain 
due to the weight of tne shaft itself. Sometimes the power is taken off horizontally on one side, in 
which case the tension of the belt produces a horizontal transverse strain ; and the weight of the 
pulley acts with the weight of the shaft to produce a vertical transverse strain. Frequently the 
machinery to be driven is placed above the floor to which the shaft is hung in the story below ; 
in this case the transverse strain produced by the tension of the belt is in the opposite direction to 
that produced by the weight of the pulley and shaft. Sometimes power is taken off in all these 
directions from the part of a shi^ between two adjacent bearings. To transmit the same power, 
the necessary tension of a belt diminishes in proportion to its velooity ; consequently, with pulleys 
of the same diameter, the transverse strain will diminish in the same ratio as the velocity of the 
shaft increases. In cotton and woollen factories with wooden floors the bearings are usually hung 
on the beams, which are usually about eight feet apart; and a minimum size of shafting is 
adopted for the different classes of machinery, which has been determined by experience as the 
least that will withstand the transverse strain. This minimum is adopted independently of the 
size required to withstand the torsional strain due to the power transmitted ; if this requires a 
larger diameter than the minimum, the larger diameter is, of course, adopted. In some of the 
large cotton factories in this neighbourhood, in which the bearings are about 8 ft. apart, a 
minimum diameter of I| in. was formerly adopted for the lines of shafting driving looms. In 
some mills this is still retained, in others 2^ in. and 2^ in. have been substituted. In the same 
nulls the minimum size of shafts driving spinning macninery is from 2^ to 2-^ in. In very long 
lines of small shafting fly-wheels are put on at intervals, to diminish the vibratory action due to 
the irregularities in the torsional strain. 

We can deduce from formula [jl], which will be presently established, the breaking power, or, in 
other words, the power which, bemg transmitted by a shaft, will produce a torsional strain upon it 
equal to its total resistance to that force. 

Put p = the breaking power, in horse-powers of 83,000 foot-pounds. 
N = the number of revolutions of the shaft per minute. 

^ 2irRNW 
^ "" 12 X 83000' 

from which we deduce, 

12x88000p 

2»N 

Substituting this value in [1], we find, 

' = 8TrSSi2 = ''«««»"»^'^'^- [«i 

Substituting the values of T, adopted above for iron and steel, we have 

For wrought iron, p = • 1558 N rf», 
„ steel, p = 0-2492Nd», 

^ cast iron, i? = 0*0985 Nd*. 

A formula for the wrought-iron shafts of prime movers and other shafts of the same material, 
subject to the action of gears, which Francis adopted in numerous cases in practice during the lost 
twenty years, and found to give an ample margin of strength, is 
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[IS] 



[W] 



in which P = the power trangmitted, and fiom which we deduce 

P = 001Nd«. 
For gimply transmitting power, the fozmnla used is 

»/50P 

from which we deduce P = 0*02 N eP. [15] 

The following Table giyes the power which can be safely carried by shafts making 100 revolu- 
tions per minute. The power which can be carried by the same shafts at any other Telocity may 
be found by the following simple rule: — 

Multiply the power given in the Table hy the number of revolutions made by tka shaft a wUmUe ; 
divide the product by 100 ; the quotient will be the power which can be aafeiy carried. 



DiMMter 
in 


HonMjiower whidi on be MfalyGBnied bjShafli 
for Mne Moren and QtUB, well nippOTled by 
beertngi^ end making 100 revolnOooe « xninate ; 
if of 


Hone-power which can be laiUy trananiUed by 
ShafU making 100 revolntiooa a minute, fai wliich 
the TiuMTene Strain, if aqj , need not be con- 
rid«red;ifof 


iDcbes. 


Wrought Iron. 

computed by 

Fumrala [ISJ 


SteeL 
oompnted by 
Fonnola [16]. 


Out Iron, 
oompotedbr 
Fannola [20J. 


Wrought Iron, 
computed by 
Formula [IS]. 


SteeU 
computed bj 
Formula [18]. 


Out Iron, 
computed by 
Formula [22]. 


100 


100 


1-60 


0-60 


2-00 


8-20 


1-20 


1-25 


1-95 


3- 12 


117 


3-90 


6-24 


2-34 


1-60 


3-87 


5-89 


2-03 


6-74 


10-78 


4-06 


1-75 


5-86 


8-58 


8-22 


10-72 


17 16 


6-44 


200 


8-00 


12-80 


4*80 


1600 


25-60 


9-60 


2-25 


11-89 


18-22 


6-83 


22-78 


86-44 


13-66 


2-50 


15-62 


24-99 


9*37 


31-24 


49-98 


18-74 


2-75 


20-80 


83-28 


12-48 


41-60 


66-56 


24-96 


800 


2700 


48-20 


16-20 


54*00 


86-40 


82-40 


8-25 


84-83 


54-98 


20-60 


68-66 


109-86 


41-20 


8-50 


42-87 


68-59 


25-72 


85-74 


18718 


61*44 


8-75 


62-73 


84-87 


81-64 


105-46 


168-74 


63*28 


400 


6400 


102-40 


88-40 


128-00 


204-80 


76-80 


4-25 


76-77 


122-88 


46-06 


158-54 


245-66 


92 12 


4*50 


91-12 


145-79 


64-67 


182-24 


291-58 


109-34 


4-75 


107 17 


171-47 


64-30 


214-34 


342-94 


128-60 


5 00 


125 00 


20000 


75-00 


250-00 


400-00 


150-00 


5-25 


144-70 


231-52 


86*82 


289-40 


468-04 


173-64 


5*50 


166-37 


266-19 


99*82 


832-74 


532-38 


199*64 


5-75 


190-11 


304*18 


11406 


380-22 


608-86 


22812 


600 


216-00 


845-60 


129-60 


48200 


691-20 


259*20 


6-25 


24414 


390-62 


146-49 


488-28 


781-24 


292*98 


6-50 


274*62 


439-89 


164-78 


549-24 


878-78 


829-56 


6-75 


807*55 


492 08 


184-53 


615 10 


984*16 


86906 


700 


848-00 


548*80 


205-80 


686-00 


1097-60 


411-60 


7-25 


881 08 


609-73 


228-65 


762-16 


1219-46 


457-30 


7-50 


421-87 


674-99 


253-13 


843-74 


1349-98 


506-26 


7-75 


465-48 


744-77 


279-29 


930-96 


1489-54 


558-58 


800 


512-00 


819-20 


807-20 


1024-00 


1638-40 


614-40 


8-25 


561-52 


898-43 


886-91 


112304 


1796-86 


673*82 


8-50 


614-12 


982-59 


868-47 


1228-24 


1965-18 


736-94 


8-75 


669-92 


1071-87 


401-95 


1339-84 


2143-74 


803*90 


900 


72900 


1166-40 


487-40 


1458-00 


2332-80 


874*80 


9-25 


791-45 


1266-82 


474-87 


1582-90 


2532-64 


949*74 


9-50 


857-87 


1371-79 


514-48 


1714-74 


2743-58 


1028-86 


9-75 


926-86 


1482-98 


556-12 


1853-72 


2965-96 


1112*24 


10-00 


1000-00 


1600-00 


600-00 


2000-00 


8200-00 


1200 00 



Comparing formula [9] with [12] and [131 and also with [14] and [15], it will be seen that 
the formulas [12] and [13], used for shafts for prime movers, give a strensth 15*58 times the 
breaking power; and the formulas [14] and [15], for shafts simply transmitting power, give a 
strength 7-79 times the breaking power. 

In applying the rules for the strength of materials to constructions in which there is no move- 
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ment, it is mnul to make the oomputed strength from three to Ave times the braaking strain. 
Bodies in rapid motion, however, usually require a greater margin of strength, in order to proTido 
for the tendenoy to vibration. In eases where shafting for simply traiumitting power is very 
aoourately finished, and firmly supported by bearings at short intervsls, an excess of strength two- 
thirds of that given by formulas [i^l [1^], and [231 will undoubtedly suffice. In ordinary cases, 
however, the rtrength given by these formulas should be adopted. 

^ It must be understood that the shafts to which formulas p2] and [13] are applied, are sup- 
ported by bearings sufficiently near to each other to guard against the transverse strain caused by 
the prime mover or gear. 

To find formulas for steel shafts of the same strength as those for wrought iron, we have for 
prime movers p = 15*58P: substituting this value of p in [10], we have 

P = 0016Nd», [iq 



V. ,. J J J- ^y62-5P 

from which we deduce d = V — ;- — 



[17] 




Similarly, we flna for steel shafts for simply transmitting power, 

P = 0-032 Nd», [18] 

and (f=V^?L|ir. [19] 

Similarly, for cast iron, we find for prime movers, 

P = 0006Nd», [20] 

d ±: V^i^. [21] 

For simply transmitting power, P = 0*012 N d*, [22] 

[23] 

Comnaring formulas [14] and [19], it will be seen that the diameters of shafts of wrought iron 
and steel to transmit the same power are in the ratio of the cube root of 50 to the cube root of 
81*25, or as 1 to 0*855. The weights of the shafts will be as the squares of the diameters, or as 1 
to 0*731. The power required to overcome the friction of the shafts in their bearings, assuming 
that the coefficient of friction is the same for wrought iron and steel, will be as the products of the 
weights into the velocities of the rubbing surfaces. The number of revolutions in a given time 
being the same in both, the velocities of the rubbing surfaces will be as the diameters, and the 
weights will be as the squares of the diameters ; the power required to overcome the friction will 
thereforo be as the cubes of the diameters, or as 1 to 0*025. Tnat is to say, the power which must 
be expended to overcome the friction of a steel shaft is five-eighths of that required to overcome 
the friction of a wrought-iron shaft of equal strength. 

The superiority of steel to resist transversaLstrain is mueh less than to resist torsional strain. 
The rdative diameters of wrou^t-iron and steel shafts, to resist equal transverse strains, exclu- 
sive of their own weights, are mversely as the fourth roots of the respective values of £, or as 

^ ^, JL^ I * to f »» JLw. ^ *, or as 1 to 0*98. That is to say, steel shafts, to offer the same 
\8500000/ V3800000/ ' ' 

resistance to external transverse strains, may be 2 per cent, less in diameter than wrought-iron 

shafts. The weights of such steel shafts will be about 4 per cent, lees than the weights of 

wrought-iron shafts of equal stiflhess ; and the power required to overcome the friction of the 

bearings will be about 6 per cent. less. 

The constant expressing the resistance of cylindrical bars to torsion, is deduced from Kavier's 

formula (see ' Btemd des Lemons sur I'Application de la Mecanique '), 

1='^, [1] 

in which, 

T = a constant for the same material. 

W=s the weight, in pounds, which, if applied at the distance R, in inches, from the axis, 
will just fhboturo the bar. 

w = the ratio of the ciroumferenoe of a oirole to its diameter. 

d = the diameter, in inches, of the bar at the place of fracture. 
The bars subjected to torsion were finished in the form of the following diagram ; the ends 
being 2 in. square, and the middle turned down to a diameter of | in., in order to ensure the 
fracture taking place in that part of the 973. 

bar. 

The weight producing the torsion 
was applied at the end of a lever, of the 
effective length of 85*975 in., fitted to 
the square boss at one end of the bar. 
The tendenoy of the bar to revolve under the action of the weight, was controlled by a worm-wheel 
about 15 in. in diameter and 138 teeth, fitted to the square boss at the other end of the bar. This 
wheel could be moved through any are by means of a worm. As the bar became twisted by the 
torsional strain, the worm-wheel was moved through an aro sufficient to bring the lever to an 
horixontal position. 
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A gnduated circle on one Caoe of the wonn-wheel fumiBbed the means of measming the arc ol 
torsion. 

The effective weight of the lever and scale at 35*975 in. from the axis, where the scale was 
hnng on a knife-edge, was 48*5 lbs., and was the least effective weight which could be applied to 
produce torsion. 

EXPEBIMENTB ON TOBSIOK. 



DescripUon of the Bar. 



M«an 
Diameter 

of the 
redaoed 

£rtof 
Bar, 
in inches. 



Arc of 

TorsioQ 

Just 

before 
Fracture. 



Weight 

prudacing 

Fracture, 

in pounds. 



English refined wrought iron, from a bar 2 in. inl 

£ameter, marked A, 13 .. ../ 

Same, marked 13 

Wrought iroUf from the Pembroke Iron Works, Maine,! 

marked 14 / 

Decarbonized steel, from the Farist Steel Company, | 

Windsor Locks, Conn., from a bar 2 in. square, > 

marked B, 6 | 

Spindle steel, from the same, from a bar 2 in. square, !■ 

marked A,5 / 

Steel, from the Nashua Iron Company, Nashua, N.H., 

from a bar 2 in. square, marked 2 

Same, marked (f, 2 

Steel, from same, from I J in. octagonal bar, marked 4 

Same, marked 3 

Steel, from Uie works of Hussey, Wells, and Co.,! 

Pittsburgh, from a bar 2 in. square, marked E, 1 . . / 

Same, marked 1 

Bessemer steel, from the works of Messrs. Winslow 

and Griswold, Troy, New York, from a bar 2 in. 

square, marked 16 

Same, marked 16 X 



) 



0-750 
0-750 
0-753 

0-752 

0-750 

0-751 

0-752 
0-752 
0-751 

0-751 

0-748 

0-748 

0-748 



416-8 I 11317 
596-0 125-69 
641-8 143-72 



390-5 



284-3 

611-8 

557 
475-0 
508-3 

3080 

297-3 

215-5 

268-5 



192-48 



235 17 

198-73 

203*23 

221-0 

217-25 

202-66 

196-50 

181-97 
174-50 



Mean 
Tempe- 
rature 
of the 
Air. 



YalueofT. 



o 
58-8 

66-0 

C2-3 

70-2 

68-3 

65-5 

63-7 
G7-5 
61-2 

C3-6 

68-0 

66-0 

67-0 



49.148 
54,585 
01,673 

82,926 

102,131 

85,961 

87.557 
95.213 
93.972 

87.661 

86,023 

79,662 

76.392 



EXPEBIUENTS ON DlFUKmON. 



DeicripUan of the Bar. 



Spindle steel, from the Farist Steel Company, Wind- 
sor Locks, Conn., from a bar 1^ in. in diameter, 
marked A, 7 

Same, marked Ax7 

Decarbonized steel, extra, from the Farist Steel j 
Company, from a bar iX in. in diameter, marked > 
AAx ) 

Same, marked AA8 

Decarbonized steel, from the Farist Steel Company,^ 
from a bar 1^ in. in diameter, marked 9 x B . . / 

Same, marked 9 B 

Steel, from the works of Hussey, Wells, and Co., Pitts-'^ 
burgh, from a bar 1^ in. in diameter, marked 15 / 

Same, marked 15 x 

Bessemer steel, from the works of Messrs. Winslow 
and Griswold, Troy, New York, from a bar 1^^ in. 
in diameter, markod 17 X 

Same, marked 17 



Diameter of 

Bar at the 

middle, in 

inches. 



Deflection, 
in inches. 



0-995 

0-977 

0-993 

0*995 
0-992 
0-995 
0-998 
0-996 

1-000 

1000 



0-2330 

0-2315 

0-2310 

0-2327 
0-2330 
0-2307 
0-2337 
0-2337 

0-2330 

0-2315 



Mean 

Tempera- 

ture of 

the Air. 



Value of E. 



o 
48-0 

53-8 

I 

530 ; 

53-7 ! 

54-2 ! 

53-3 I 

52-2 i 

49-8 ! 

49-4 

52-0 



3.853.590 

3.847.530 

3.918.360 

3,858.557 
3.900.420 
3.892.008 
3.796.0C0 
3.826.641 

3,777.095 

3.801.566 



The experiments on deflection were made on round bars turned to a diameter of about 1 in. 
The distance between the points of support was 48 in. Observations were made of the deflections 
produced by a weight of 150 lbs. suspended at the middle point between the supports. This 
weight was not sufficient to cause any sensible set In the bar after the weight was removed ; and 
no sensible increase in the deflection was produced by edlowing the weight to remain suspended on 
the bar for several days. 

The constant E for deflection has been computed by Navier's formula, 

PW 



s = 



6ir<f«E' 



[2] 
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in which 

/ = the distanoe between the points of support, in incheni 
W = the weight at the middla point between the supports, in pounds. 
w = the ratio of the oircumferenoe of a circle to its diameter. 
d = the diameter of the bar, in inches. 
8 = the deflection at the middle point between the supports, in inches. 

Several specimens of the steel have been tested for tensile strength, at the workB of the 8oiith 
Boston Iron Company, by F. Alger, in the apparatus designed by Major W. Wade, for testing 
metals for cannon, a description of which may be found in * Reports of Experiments on the 
Strength and other Properties of Metals for Gannon,' published in 1854, by authority of the 
Secretary of War, U.S. 

EXFERDfKNTB ON TeNSILX StBINGTH. 



DetciipUon of the ^wdmen. 



Spindle steel, from the Farist Steel Company,! 
Windsor Locks, Conn., marked A 10 A 1 . . . . /i 

Same, marked A 10 A 2 

Decarbonized steel, from the same, marked B 11\' 

Bl /, 

Same, marked B 11 B 2 .. | 

Decarbonised steel, extra, from the same, marked\ 

AAxl / 

Same, marked A A X 2 I 

Same, marked A A x ; ends upset in order to form'^ 

the specimen /i 

Same as next preceding specimen, marked A A x 2 
Steel, from the works of Hussey, Wells, and Co.,\ 

Pittsburgh, marked o 12, 1 / 

Same, marked 12, 2 



DUmeterat 
the place 

of Frutare, 
In Inehes. 


Weight 
jxroducliiK 
Fnctmv, m 

poaode. 


TeiHUe 

Strength A 

■quareinch. 

tnpoondi. 


Spedfle 
Gravity. 


0-597 


40,800 


1 

145.754 


7-8401 


0-598 


89,500 


140.639 


7-8287 


0-596 


84,500 


123.6C2 


7-8583 


0-597 


85,200 


125.750 


7-8514 


0-COO 


80,500 


107.862 


7-8417 


0-600 


80.900 


109.271 


7-8579 


0-600 


80,800 


108,901 


7-8484 


0-600 


29.700 


105.053 


7-8534 


0-594 


40,400 


145,790 


.7-8530 


0-594 


40.200 


1 145,070 


7-8496 



From the many experiments on the fracture of iron and steel by torsion, Francis deduced the 
following Tsiues of T ; using the above formula for cylindrical bars, and Navier's formula, 

for square bars, in which b = the side of the square in inches, and W and B the weight in pounds, 
producing fracture, and the distance from the axis in inches at which it is applied. 

ExperimenU by JUnnie, given in the * Philosophical Transactions of the Royal Society * for 1818. 

Barof English wrought iron, 0-25 in. square T= 65,982 

„ Swedish wrought iron, 0-25 in. square T= 61,909 

„ shearsteel, 0-25 in. square T=: 111,191 

Average of 3 bars of iron cast horizontally, 0-25 in. square . . T = 64,776 

Experiments given in the Fifth Edition of * HasweWs Enjineertf and Mechanic^ Pocket^Book,' 

Bar of Ulster Iron Company's wrought iron, 1 in. diameter .. T = 87,090 
„ Swedish wrought iron, 1 in. diameter T = 93,965 

Experiments made at the Boyal Gun Factories^ Woolwich, England, on many Varieties of Oast Iron, • 

Parliamentary Document, July 80, 1858. 

Experiments are given on fifty-one varieties of British cast iron, besides several varieties fh>m 
other countries. Francis selected the experiments on four varieties of British iron, namely, th^ 
strongest, two of medium strongth, and the weakest ; each result being deduced from a mean ol 
sevexul experiments on bars about 1 -8 in. in diameter. 

From West Hallam Iron Works, Ilkeston T = 88,217 

„ Netherton Iron Works T = 84,490 

„ Butterley „ T = 38,949 

„ Hnmatita Iron Company T = 22,132 

Experiments made at the /brf Pitt Foundry, in 1846, on bars of diferent forms and dimensions, of 
Commcn Foundry Iron, given in * Reports of Experiments,* ^c, a6oiw cited. 

Bar about 1 in. square T = 36,846 

„ 1-415 in. square T = 84,448 

„ about 1-749 in. square T = 42.821 

„ 1 - 135 in. in diameter T = 37.445 

„ 1-595,, „ T = 42,047 

„ 1-955 „ „ T = 38.851 
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Experiments made at ike West Point Foundry, in 1851, on Oreentoood Iron of different grades^ miahtreSj 

andfusionSf given in * Reports of Experiments^ a6otw cited. 

Mean deduced from eighteen experiments cm ban abont 

1-9 in. diameter T.= 44.957 

The value of E, for wrought iron, we haye previously deduced 
from EnglUh experiments, and tested oy a single experi- 
ment on a shaft 2 in. in diameter and about 180 in. between 
bearings. From these experiments we find E = 3,492,539 

There being such great irregularities in the values of T, it will not be safe, in pniotice, to take 
a mean value, but one near the lowest value. 

The values for wrought iron vary from 49,148 to 93,965. 

For safety, we take for wrought iron T= 50,000 

The values for steel vary from 76,392 to 111,191. For safety, 

we take for steel T= 80,000 

The values for cast iron vary from 22,132 to 64,776. For 

safety, we take for cast iron T= 30,000 

We also take for wrought iron E = 3,500,000 

And for untempezed steel .. E = 3,800,000 

Shafts for transmitting power are subject to two forces, namely, transverse strain and torsion. 
In shafts of wrought iron or steel, in which the bearings are not very near to each other, a trans- 
verse strain, too small to cause fracture, will produce sensible deflection ; if this is too great, it 
will produce sensible inregularities in the motion, and tend towards the rapid destruction of the 
shaft and its bearings. This limits the distance between the bearings, as the weight of the shaft 
itself will produce an inadmissible amount of deflection whenever this distance exceeds a certain 
amount, which varies with the material and diameter of the shaft. 

The deflection of a cylindrical shaft from its own weight, supported at each end, but discon- 
nected from other shi^Pts, is given by the formula [41 which is deduced from Navier's formida for 
the deflection of a cylindrical bar. See ' Journal of the Franklin Institute ' for February, 1862. 

8 = 0-007318 j(^. [4] 

If the several parts are so connected as to be equivalent to one continuous shaft, it will corre- 
spond to the case of a beam fixed at both ends, for wnich case Barlow gives 8 equal to two-thiids 
of its value in the case of a beam supported at both ends, ^ven by formula [4]. Navier, taking 
into account the effect of the deflection in the adjacent divisions, finds 8 equsi to one-fourth of its 
value by formula [4]. In order to decide which of these authorities to follow, Francis appealed to 
experiment. 

Experiment 1. — A bar of wrought iron purohased as "English refined," 12 ft. 2( in. long, 
0*367 in. deep, 1*535 in. wide, was supported at four equidistant points, 4 ft. apart. When loadM 
at the middle points of each division with 52 lbs., the deflection in the middle division was 
0*069 in., and the mean deflection in the other two oivisions was 0*371 in. The weight on the 
middle division was then increased until the deflection was alike, namely, 0*281 in. in each 
division ; the weight being 82*84 lbs. in the middle division, and 52*00 lbs. in each of the other 
divisions. 4 ft. was then cut off of each end of the bar, when the deflection, with 82*84 lbs. on 
the middle division, was 1 * 102 in. 

Experiment 2. — A bar of iron of the same quality and length as in Experiment 1, 0*551 in. 
square, was laid on the same supports. When loaded at the middle points of each division with 
52 lbs., the deflection in the midole division was 0*058 in., and the mean deflection in the other two 
divisions was * 314 in. The weight on the middle division was then increased until the dedSection 
was 0*241 in. in each division; the weight being 82*84 lbs. in tlie middle division, and 52*00 lbs. 
in each of the other divisions. 4 ft. was then cut off of each end of the bur, when the deflection, 
with 82 '84 lbs. on the middle division, was 0*984 in. 

In the case in which the deflectipns were alike in the three divisions, the middle division cor- 
responds to the case of a continuous shaft supported by numerous equidistant bearings ; and the 
case where the bar was reduced in length, corresponds to that in formula [4]. Comparing the 
deflections in the two cases in the above experiments, we flnd by Experiment 1 that tna ratio of 
the deflection of the shaft, simply supported at each end, to that of the continuous shaft, is as 1 to 
0*255. In Experiment 2, the corresponding ratio is as 1 to 0*245 ; the mean of the two experi- 
ments giving a ratio of 1 to 0*25, which agrees with Navier, and we must adopt for the deflection 
of a continuous shaft, from its own weight, the formula 

8 = J X 0007318 5^. [5] 

These experiments indicate the effect of connecting the chords of truss-bridges over the 
piers. Assuming that in a bridge of not less than three equal spans, the top and bottom chords 
have equal resisting powers, and the whole length of the bridge is unifonnly loaded, if the choids 
are continuous throughout the whole length of the bridge, the deflection of any span, except the 
end spans, will be one quarter of the amount that it would be if the choids were disconnected at 
the piers. 

The neatest admissible value of 8 in proportion to the length must be determined by expe- 
rience. Tredgold assumes that, for cast iron, it might be O'Ol in. for each foot in length, or 
ri^ part of the length, vohatever may he the diameter ; but the transverse strain to produce this 
deflection is a greater fraction of the transverse strain that will produce fracture in a large shaft 
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than in ft small one. The mazimnm strains of extension and compression in a shaft, for the same 
deflection, are in proportion to the diametcor, while the deflection itself, from the weight of the shaft, 
is inversely as the square of the diameter; consequently, the deflection, to produce the same 
maximum strains, must be inversely as the diameter. 

Adopting this principle, and the assumption that a shaft of wrought iron or untempered steel 
2 in. in diameter may deflect from its own weight 0*01 in. a foot in length between the bearings, 
we may determine the greatest admissible aistances between the bearings of shafts of other 
diameters, as follows : — 

The greatest admissible deflection for any diameter <f, is 



8 = _|i- - 0-00167 J, 
1200 d d 

Substituting this value of 8 in [5] and reducing, we have 



/ s 4/0- 9128 c/E. 



[6] 



[7] 



Table of thb Gkeatist Admissiblx Distances between the Beabings of Contintous 
Shafts, subject to no Tbansvebsb Btbain except fbom theib own Weights; ooMprTSD 
BY Formula [7]. 



DfaonetOT 
of Shaft, 
tninchflii 



1 
2 
3 

4 
5 
6 



Dffttaooe between Bearloge, 
taifoet 



IfofWnwght 
Iron. 



If of Steel 



12-27 
15-46 
17-70 
19-48 
20-99 
22-30 



12 
15 
18 
20 
21 
22 



61 
89 
19 
02 
57 
92 



DlemeCer 
of Shaft, 
Inlnchet. 



DlateDoe between BeaiingB, 
infeeu 



IfofWron^t 
Iruo. 



If of Steel. 



7 

8 

9 

10 

11 

12 



23-48 
24-55 
25-53 
26-44 
2730 
28*10 



24 
25 
26 
27 
28 
28 



IS 
23 
24 
18 
05 
88 



In practice, long shafts are scarcely ever entirely free from transverse strains. However, in the 
parts of long lines which have no pulleys or gears, with the couplings near the bearings, the interval 
between the bearines may approach the distances given in the table. Near the extremities of a 
line, the distances oetween tne bearings should be less than those given in the table. The last 
space should not exceed 60 per cent, of the distance there given, the deflection in that space being 
much greater than in other parts of the line. In shafts moving with high velocities, it will usually 
be necessary to shorten the aistances between the bearings, as given in the table, in order to obtain 
sufficient bearing-surface to prevent heating. 

BELTING, Chain. Fb., Ceinture de ehaine; Qm^KeUenaea, 

aisaokTa chain Mting, Figs. 674, 675, 676, 677. This belting is oomgMed of iron links of a 
peculiar shape, an enla^Bfed cross-section of which is shown in Fig. 677. The links are coupled by 



6Y4. 



SYS. 



•76. 




•TT. 




pins, as shown in Figs. 674, 675, 676 ; each alternate is formed with sockets, in which pieces of hard 
wood, bevelled at the ends to flt the pulleys, are inserted. It may be observed from the detached 
section. Fig. 677, that the shap(f of the groove in the pullevs is such that the belt is clipped 
between the sides, and a firm hold is obtained. Chain-belts of this kind have now been in use for 
several years, some of them running at a speed of 1700 ft. a minute ; they have been found durable, 
whilst they work smoothly and wittiout slip. 
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679. 




680. 




John Fielden'e oast link-ohain is fihown in Figs. 678, 679. This chain shows that John Fielden 
has much ingenuity ; it is the only faultless cast link-chain which has fiidlen under our notice. 

The chain-wheel round which the chain, Figs. 678, 679, may he moved, is given in plan and 
section, Fig. 682. It has been found that the chain works best when there is a flat web passing 
fh>m tooth to tooth, as shown 
in the plan. Fig. 682. Many 
of these chains, made of malle- 
able cast iron, are successfully 
used in the woollen - mills ctf 
Lancashire and Yorkshire. 

The Fielden chain, made 
of cast brass, 1b much in use in 
dye-works. One of the chief 
peculiarities of this chain is, 
that it cannot come uncoupled, 
no matter whether the cnain 
be slack or tight when at 
work; and yet, a workman 
once shown how, may uncouple 
or recouple it in a very short 
time. 

The chain is easily coupled 
together by conmiencing at one 
end, and keepine all the links 
with Up in one direction when 
on the plates, as shown in 
Figs, 678, 679. 

For the method of uncoup- 
ling, see Figs. 680, 681. 

Set the links 2 and the 
links 5 at right angles to the 
plates 8 and 6. Plaice the ends 
of plates 8 and 6 together, as 
ahown in Fig. 680. It will now 
be found that the lip of links 4 
can be pushed forward into the 
hollow side of links 5. 

The links 4 will then open 
over the ears of plate 6, so tnat 
plate 3 may be removed away. 
Bee Fig. 681. 

The links 4 may now be 
put back into their respective 
places upon plate 6, then 
turned round and be easUy re- 
moved f^m plate 6. 

BENCH, tit., Etabii; Oeb., Bcbelbank; Ital., Banco dafalegname; Span., Banco. 

A bench is a table on which carpenters, joineis, and others prepare their work. It is usually 
from lOft to 14 ft. long, 2ft. 8 in. wide, and 2 ft. 8 m. high. 

The carpenter's bench is furnished with a sorew-boud A, Fig. 688, which holds the bench- 
vice B and the bench-pin C. The vice consists of a cheek, having a screw E working into a nut 

6S3. 



681. 




682. 







c 
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fixed at the back of the screw-board, and a guide F. The bench-pin is made to fit tightly into 
hol^i placed at different elevations in the screw-board, its use being to assist the baiSh-vioe in 
retaining the board whose edges are about to be planed, or, as it is te^micallv tenned, that. 

On the top of the bench is the bench-stop G, which is a piece of iron made with teeth to catch 
in the end of the piece of wood to be worked, and prevent it nom being pushed forward by the force 
of the plane. 

Bench-hooh,^K movable nin, passing through a mortice in the top of the bench, for preventing 
the stuff from sliding while oeing wrought by the plane. 

BENCH-MABKS. Fr., Rqthrei GxB., Merkztichm; Ital., Fwdo diparagonei Span., Coias dt 
referenda. 

See Railway Ekgineemko. 
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, Travail, cVnitMU.- Geb., Wntertug, UitUAeHtn, 




BENS. Fb, Tuyou cenuU; Gk«., Knienkr ; ItkL., GomiUi. 

A. piece of curved pipe coQDecting two straii^ht portiona JBdetngaaieA K bend. 

Eaithenvare or Etooewara benda are naoalljr double t)ie price of s Btnu);Iit piece of the wttnn 
length. The price of ca«t-iroD bends is alio increaaed, owing to the pattern being more costly, mid, 
in most cases, having to bo special! j made. 

Wrougbt-iron pipes can be bent while oold b; filling them with lead, and afterwards making 
it out bv heating the pipe. 

BEBM. pB., Bcrme; Grau, Btrm, Walhbtaii; ITAL., £aii«AuKi; Bpas., Berma. 

See Fortification. 

BETON. Fb,, BeloB! Gra,, Onndnieritl; Ital., Calcttcmiio ; Spas., Bormigtm. 

See CoKOBrra. 

BEVEL OB BEVIL. Fb., Angle qui n'tit pat droit i Gib., Spititr cder Oumpfer Winlul; 
Ital., Smuuo; Span., Chajlan. 

A bevel in masonry or brickwork i> a sloped or canted plane «nif>oe. 

An; angle except one of 90° is called a benel-angle. See Hahd-Tools. 

BIKDHaS, OB BINDING-JOISTS. " -■ 
SfAtl., Travietae, tinmtei. 

Bee Joists. 

BIRD'S HOUTH. Fb., JoiM m hiteau. About en Otidi ; Gkb., Keiltteg ; 
Ital., Cmimetlilwa abecco d'uixello ; Span., PimleU. 

BinTt Moalh. — A notch cut at the end of a piece of timber, aa Fig. 681. 

Id bricklaying, a notch cut in a brick to adapt it to any internal angle 
l<M than SO"* u a bird's mouth. 

BISCUIT MACHINK Fb., -aMiw a fain le 6uci.it; Qa.., Biiquit 
ifaichini ; Ital., ifacchina da bitoMi, 

Bee Bbbad-m AXINO Maohivebt. 

BISMUTH. Fb., Bitmuth ; Geb., Wismuth ; Ital., Bimuto ; Span,, Blimuto. 

Bismuth is a rare metal, but its distingaished qualities are that It is very fnslble, and oanaea 
other metals to become fusible also. Like antimony, it is very brittle, tjid of a brilliant Initre ; it* 
colour is white, tending to fleeh-colonr. It melts when pure at 4S0°; it may be distilled in a cloaa 
vessel, and then cryatallizes in lamina. Water being put = 1, its specific gravity is 9 'S3, wbioh 
may be increased to 9'9S by hammering. Bismuth is peculiarly suitable for costinga, as it ez> 
pands in the act of cooling, which renders it peculiarly mitable for castings. 

Oret of Bitmath. — There an many minerals which contain bismuth, but tbey do not often 
occur in such quantities as to make the eitrectiou of the metal profitable. The metal is not very 
valuable, and, notwithstanding its scarcity, it is sold at a low price. It oooois native, and is then 
easily obtained. Native bismuth ie found in Honroe, Ct., where it is associated with wolfram, 
galena, blende, and quartz : also in Chesterfield, Bontb Carolina ; and, of course, in many locAlitiet 
of other parts of the world Sulphnret of bismuth oocurs at Haddam, Conn. The carbonate 
f^ IS found in the gold district of Chesterfield, South Carolina; and the snlphnrel 

--''-'■■ - ■ ' I > ] n,,nea^ „, Maine. Tellorio bismuth eiista 

I I North Catolioa, U.S. All the metal in 
Ij from cobalt-speisei, at the smalt works 

III which also niokel ia extracted, oontaina 

imds of bismuth are distinguished by fnsi' 
t ml those of most other metals. Eight parts 
[III mett at 202°. Two biamutb, 1 lead, 1 tin, 
L addition of meieary Inoreases the fusibility 
of theae alloya. One bismuth, 2 tin, 1 lead, 
is soft aolder for pewter. Cliche for ste- 
reotypes are composed of 8 lead, 2 tin, 
S bismuth; this alloy melU at 199°. 
15-5 bismuth, 285 lead, 17 tin, and 9 
mercury, is an alloy for plugging teeth: 
it fuses at 119°. An amalgam of 20 bia- 
muth and 60 mercury ia used for silvering 
the interior of glass globes. Like anti- 
mony, bismuth forma an alloy readily 
with the alkaline metals. Its affinity for 
aiBenic is very weak, like that of phos- 
phorus; both of tbeae substances may be 
evaporated fh>m the hot metal almost 
entirely. All its oomponuds with pre- 
cious metals are very brittle. Bismuth 
has been proposed instead of lead for re- 
fining silver; but the experiments per- 
formed with it were not satisfactory. A 
compound of tin and bismuth is stronger, 
tier, and more aononnui than pure tin : 
and for these reasons it is added to 
pewtar. An alloy of equal parti of lead and bismuth is heavier than the mean density of the two 
metala. It being 10-709. 

Um. — Biimuth is scarcely used alone ; it is chiefly employed for imparting fusibility to 
BettdM tiie aboTe-menlioned applicatinui^ it is used in Uie alloys of whi^ Mfety-pfatea 
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and plugs in Bteam-boilers are made. Its oxides are lued as cosmetics ; also as paints, and printing 
colours. 

Manufacture. — The operation of smelting bismuth is extremely simple ; the metal having but a 
weak afflbuty for other substances is obtained by simply heating its ore. The cut, Fig.' 685, shows 
a modem liquation furnace, by which the metal is obtained. A is a cast-iron retort, at the 
highest part of which the crude ore is charged ; B shows a cast-iron bowl into which the metal 
flows. About half a hundredweight of broken ore is charged in each retort, of which there are 
four in a furnace side by side. This quantity nearly half nils a retort, so that the upper part of it 
is empty. The lower end of it is closed with a clay plate, or slab, provided with an aperture for 
the discharge of the melted metal. The pipes, when properly ignited, soon cause the metal to flow 
into the dish B, which contains some charcoal-dust. By applying a brisk fire and some stirring to 
the ore, all the metal contained in it is obtained within half an hour. The residuum of the ore is 
now scraped out of the retort into a trough with water, and the pipes are filled afresh. About a 
ton of ore is smelted in a day of eight hours. The metal is remelteo, oast into iron moulds in the 
form of ingots, and is now ready for the market. 

The metal thus obtained is not pure but it may be purified by remelting in a flat earthen, or 
rather a bone ash-dish, at a low heat, removing the dross as it appears on the surface of the metai. 
It is advisable to melt the metal thus obtained in a purer form u a blacklead pot, and then cast it 
into the mould for ingots. Bismuth cannot be freed from silver by these means, in consequence of 
which the article of commerce always contains some of that metal. The annual production of thia 
metal amounts to nearly 19,000 lbs. 

BITS. Pb., Bittes .• Geb., Gtvste Beting ; Ital., Bitte, 

See AijOERS, Bbaces, and Bits. 

BLASTING. Fr., P^tardemeni; Gnu, Sprengen; Ital., Minare. 

See Borino and Blastino. 

BLAST FUBXAGE. Fb., Fawmeau a courant (Pair forc^; Geb., Schachtofen; Ital., Forno ad 
aria forzata. 

Furnaces are classified as wind or air furnaces when the fire is urged only by the natural draught ; 
as blast furnaces when the fire is urged by the injection artificially of a forcible current of air; and 
as reverberatory furnaces when the fiame of the fire, in passing to the chimney, is thrown down by 
a low arched roof upon the materials operated upon. 

In general terms, a furnace is an enclosed plaoe where a hot fire is maintained, as for melting 
ores or metels, for warming a house, for baking bread or pottery, or for other useful purposes ; 
as an iron furnace; a hot-air furnace; a glass furnace; an engine furnace^ and the like. See 
Furnaces. 

The right construction and suitable arrangement of blast furnaces for either hot or cold blast 
are of considerable importance in the smelting and manufacturing of iron. 

Smelting is an operation which is performed in the blast furnace, as it is termed, because of its 
size and auxiliaries. In it the separation of the metal from the ore depends on the presence of 
heat, carbon, and the condition that the metal is heavier than the oxidized substances which 
form the slag. Blast furnaces are used exclusively in America, for smelting fluid iron, and mostly 
grey iron. In some parts of Europe a lump of 
solid iron is formed in the hearth of the furnace. 
But this is an exjpensive way of smelting iron, 
and not proper for miitation. 

Fiff . 686 shows a vertical section of a modem 
blast nimaoe. These furnaces are from 25 to 
50 ft. high. In almost all instances, the bulk of 
the mason-work is constructed of rough stones. 
Sandstone is preferable, but any kind mi^ be 
used except limestone. The furnace itself rorms 
a pyramidal mass of masonry, commonly as wide 
at the base as the height from the floor to its 
mouth. The interior of the furnace is formed of 
flre-proof material, the lower parts of, sandstone, 
and the upper of flre-brick. The lower part, 
marked A, forms the crucible, or hearth, at which 
is the strongest heat, and where that part of the 
ore which has not been smelted in higher parts 
of the furnace is melted. This part is most 
commonly square, its siSles are from 20 in. to 6 ft. 
wide, and it is never less than 5 ft., often 8 ft. 
high. ^ The stones of which they are built in 
America are exclusively sandstones, while in 
Europe we flnd them constructed, not only of this 
material, but also of granite, gneiss, and even 
limestones ; the latter, however, are becoming £ 
rare. Above the hearth A, the furnace widens , 
rapidly and forma a gentle slope, 6 the boshes, v 
where the furnace is gradually converted from a 
square to a round form. At the top, or widest part of the boshes, which varies from 8 to 18 ft. in 
diameter, the horizontal section of the interior of a furnace is a perfect cirole, which is continued 
up to its month. This round part of the furnace is most genendly formed of fire-brick, but in some 
instances of sandstone or shale. It has the form of an inverted cone, in which the sides are more 
or less corvde. This part of the furnace, marked i, is termed the in-wall or lining. All those 
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parti below the lining; are solid itonea, snd closely joined to the rongli mils. The lining itself ia 
not close to the rough wall : there it a apace between m&iked (, from 6 to 8 in. wide, filled irith 
brokea stoneo, or broken f umace-slagB ; these are looae, ko m to admit of an independent motion 
of the in-wall, which u for these reaaoni made of fire-brick. ' 

Bongh stones expand and contract more than flre-briok, and are more liable to fraotnrea; and 
as injury to the in-wall majf canae eeriouB lossee, the safeet plan is to nse good fire-brick for its 
constructioQ. The bricks are generally moulded In the proper manner for forming a circle, and 
are from 13 to 18 in. in length, which size decidea the thickneas of the in-wall. The in-wall rests 
on the iflugh wall of the stack, and is in many inBtaoces supported by heavy cast-iron beams, which 
form, in the meantime, the tuyere arches. The mouth of ttie furnace i^ in some instances, tbtt 
narrow, in others wide; this depends on the size of the furnace, kind of ore, fuel, blast, and 
management. The diameter of this throat rariee from 20 in. to more than 10 ft. In the majority 
of cases the month ia provided with a otst-iron cvltnder, which forms the throat. This cylinder 
reoeiTes the ixM matenal, and is thns prevented from melting, or from injury. The top of the 
fumaoe is generally crowned with a chimney, c, aa wide, or somewhat wider, than the month of 
the furnace ; it is provided with one door at small fnmaoee, and with several at large furnaces. 
Through these doors the smelting materials are charged. 

At the lower part of the furnace may be seen arches, or reoeues in the masonry of the stack. 
Those are formed by dividing the basis of the furnace into four piers, as shown in Fig. GST, and 
are called aide aichea, HH, and baok-arch, F, and work-arch, Q. These teoeaBea are geneially 
covered by semioiioular briolc arohesj in few instanoes they are formed of cast-iron beams. The 
arches are from 8 to 16 ft. wide, acocnding to theaizeof the fnniaoe. At 1a>^ furnaces, acomma- 
nicktion between these arches la effected br a gangway, 11 II, piecing the piers, "the front or 
work anh, often called tvmp^roh, showi that the crucible is open here; the discharge of the 
metal and sla^ ia prevented bj thedi ■----" — n-* i-.^-*..-? ». ... » «» »■ « ■._ 



le dam-atone K, which la of a triangular section, bedded in fire-clay 




upon the bottom stone. L is the lymp-stone. Fig. 688 ; it forms, by being raised tVom 15 to 24 In. 
above the bottom stone, the aperture for the discharge of the smelted matter, and affords ample 
space for the removal of any obstructions which may happen to be farmed in the hearth. There 
are some peonliaritie* in the relative position of dam-rtone and tymp, which we shall point out 
hereafter. The tymp as well as dam-atone are covered with a heavy oaat-iron plate, to prevent 
tbeii being injured b][ cbargtog heat. From the top of the dam a gentle alope is formed for the 
diacbarge of slag wluoh float* ooctinually from the fumaoe. At the base of the dam-stone a 
small apertni«— the tap-hole — is formed by oattinE a part off tmra this stone before it Is b^ded. 

In Fig. 688 an enlaiKcd view of the hearth and bashes la represented, which presents all their 
parts more distinotly. It shows the priDciMl joints of the beMUutones, and the manner in which 
the boshes are framed. These are, in amaJl famaoea, conitrasted of a mixture of clay and sand, 
and in large charcoal, anthracite, ajkd coke ftamacee, dtber of flre-briok or of sandstones. 

In the plan here represented the fUmaoe is piDvided with three tnyerea, T. The blast pipea 
are conducted from the blast machine under the bottom stone of the hesLrtb, and branches from it 
are led to the tuyeree. Small charcoal fumacea, which smelt from 20 to 25 tons of metal a week, 
work by one tuyere from one of the side arches. Large charcoal fumaoee are worked by two 
tuyere* on the opposite sides ; while anthracite or coke fnmaoes generally have three, and soma 
Svfl or lii tnvemL t'Anductins the blast pipea under gtound, it ha* advantagee in respect to 
ion in oise any accidents happen to them, which often oocnr bv 
wer, in the meantime, the aeenri^ of a dry bottom alone, which 
If the blast pipea are thus oondncted under the hearth, tbej 



The rough walls of a fumaoe may be erected with little lime mortar in the joints : In bot, 
rongbly-laid stonea appear to form the beet stacks. When the masonry is well joined, and filled 
olose with mortar, a BTstem of air^haiuieliu requiied to bcUitata the escape of moisture which 
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adhereo tentuHoTuIr to any nuooniy. In all instaDoes, a staok muj be erected of hewn atones, 
bricka, or ore, roughljr pnt together ; but a well-arranKed sygtem of iron bindera is required to 
proTent a Beparatton of the maaon-worlt in oonBequenoe of the ever-active eipanaion and contraction 
of the building materiati. The oiode of afBziDg these iron binders, or ties, is indicated in the 
varioDS draningg ; and more partjcnlarl j in Fig. 689, which presents a horizontal section through 
the videst part of the boshes. The particulars reap«etiDK the 
uisngemeot of these ties are subject to the discretion 01 the 
builder ; but ve majr remark that there never can be too many 
binders in a stack. A large nnmlter of light ben is prefeiable * 
to a small number of heavy onee. Theae binders are inonght 
iron, geoeisll}- square bats from 1| to 2 in,, provided with ksys 



at both ends, in preferenoe to screws and nuts, which a 
often need. EacH end of a binder is also provided with ■ 






t the el 



9 have said, the Ibrm of these 
binders is generally that of a aqnore bar; bnt a flat Eorm of 
bars is prSerable. These binders are located in •paoioQB 
channels, so that they may be taken out and mended in a ~~ 
any of (hem break. 

The furnace repreeented. Fig. 686, Is located near the ride ■ 
of a steep bill. The bill and furruuw are then oonoected by a 
bridge, constnicted of wood, or in some iostanoes of stones, or 
bricks. Upon this bridge a light building, the bridge-house, is erected, which ■> 
house for fuel, ore, and flux, st^cient to feed the furnace for one or two days. Dry stock is thua 
protected against rain or snow. At leu'ge furnaces, no such use is made of the bridge-house^ 
oecsuse it would reqnire to be of too large dimensions. Wheo a furnace is erected on a level place, 
or when no advantages oan be obtained by locating the stack near a hill, which is decided by the 
mode ot supplying tte ore and coal, theae materials are hoisted by maohinery into a tower, wheel- 
hanowi, iFhion contain the smelting m ' ' '~ 
to tho top of the furnace. In Fig. ( 





genetallv erected of strong timbers, and its top oonneoted witb that of the ftimsee by ni 
— -"-n bridge. ' -'-" — ' -*- —'-=-'- *— — '- ■■- " »~ »«- 

r hose, into the box, or basaonn, which fonns the npner p 

When the amount of watev, wUob flows from a reservoir plaoed at the top, togetoar with the 



conducted by 



A platform is made, which forms in the meantime a cwHooa, for the reoeptioD of 

a wul balanc .... 

r a rope-ba___ 
ana ot leather h 



. ._ ._ _ . . ._. ._e SDspended o. .. 

le-bairel, aitd when the lower platform is loaded, a current of water is 
'*-"■-- '""\ into the box, or oasaonn, which forms the npner platfiirm. 



empty banows, is h<&vier than the loaded platform below, the water is shut ott, and the loaded 

Slatfbrm a«oend«, while the empty <me deacends. When the eaasoon with water airivea bawatfa, 
le npper platform is looked, and the water below la discharged by a self-ecting valve, into a drain 
below the level of the floor. The lope-bairel U provided with a atnmg brake by which to arrest 

the machinery, in caae an accident happens to any port of it. 

This machinery for hoisting ia coovenient, inasmuch as the power to set it in motion ia eaailT 
applied, and always at the command of the workmen, providod the cistern is always supplied with 
water. At the furnace here represented the hot-blast apparatus is placed at the top. The cold 
blast is conducted upward, and the hot air down to the tuyere. Under this arrangement consider- 
able pressure In the blast is lost, which may be in some measnre modified by employing wide pipes. 
At most fnnutces which have been reoently erected, both hot-blast apparatus and stewn-boilen, 
which supply the blast-engine with steam, are located on the top of the fumooe. For theai 
Maaona Um area at the lop is enlarged. The furnaces are thua mads more i 
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th«Te it lea* Iom of heat bf ndlfttioa than the TanuM, and room foi a lar^ mouth. The bot-blart 
ftppuatus ia, in theae uutonces, located bebibd the Bteam-boilen ; it Koeivea the waste heat when 
it haa paned the boilen. In Botue Inttances the top flame ia divided, and parti; led under the 
boilers and partlj into the hot-air etove. 

Whatever ma; be the dimendooa of t. famaoe, or whatever hind of fuel or ore la nsed, the work 
la more or Ie« modifled by local olrniunitaiiceB. When a furnace U newl; built, or haa been oat 
of blast, or haa a new hearth put in, a alight Bre ia at flr«t kindled at the bottom while the dsm- 
atooe ia wantioK. In ordef to protect the hearthstone against the immediate contact of a atrong 
heat, it is lined with common brioka, which prevents the flying of theae atones. The aperture 
formed hj the tTmp, bottom stone, and aide atones, la w&lled up bj common brick, and onlj a few 
Email apertures admit of air for combustion. The hearth and stack are thus slowl; dried, whioh 
ma; require from three to ten da^. When the hearth has been for aome dap thorooghly warm, 
the brick lining is removed, and it is fllled to the top of the boshes with either charcoal, anthracite, 
or coke, whichever naf be the combustible used for smelting. The tymp is open, in cue the 
hearth is worm and dry ; but when an; doubt exists as to ita being d^, Mhes or sand ia thrown 
on the coal in the tfmp to prevent a rapid Are. In order to remove clinkera which may be fonned 
in the hearth, it is cleaned every twelve or twenty-four hours ; and when the heat is strong, or an 
early starting of the furnace is contemplated, a gtate ia formed by means of ringers — Icmg iron 
bara~as ahown in Fig. 691. Thus a atrong 
draught is produced, a rapid combustion ensnea, 
and the heat is augmented. If theae bars are 
withdrawn after fifteen minutea ot half an boufa 
time, the hot coal, descending on the clean bearth- 
atonea, will heat them thoroughly, and prepare 
them aa well aa the bottom atooe for the reception 
of hot metal. One day, sometimes two or three 
days' beat, which time may be shortened by the 
repeated formation of grates, will prepare the 
hearth ; the fuel haa been, all this time, held aa 
high aa the boshes. 

When thns far heated the furnace ma; be 
charged with ore. In small charcoal furnaces the 
ooal la generally Ailed higher than the Ixiifaes ; 
but in luge onea, and those which are thoroughlr 

heated, there it no need of having much fuel. The furnace la now regularly charged alternately 
with ore and coal ; the ore amonnts to only half of a full charge, but the measure of coal is always 
the same. These charKOS are not made ui rapid succession, but tha flame is allowed to become 
visible on the top of the last charge before another ia filled. The fumaoe la thua alowly fed bj 
alternate chargea of ore and coal ; and, In order to Militate the aac«nt of the gasea, coarse coal u 
■elected ; or, when charcoal ia used, brands or wood are mixed with the coal. When full to the 
very lop, the furnace ia ready to receive blast, and not sooner. Some founders usually let on blast 
before a furnace is quite fill!. This ia imprudent ; it causes diaordar from the atari. When the 
furnace ia thua filled, the ore ia drawn down by repeated gratings, which are ao managed that the 
bottom is properly heated. When the first signs of slag or iron appear at the tymp or the tuyeres, 
the bottom is once more cleared of all adhering cinder, the dam-stone put in ita place, and the 
dam plate bedded in day upoD it. A large coal or coke, or, what ia better still, a mixture of fine 
damp ooal and a little day, Is filled into the tap-bole ; a stopper, or at first only heavy dust. 
Is filled under the tymp, and the blast put on. At the fljnt, only weak blast is used ; in fact, for 
the next two Or three weeks the furnace does not receive full blast, in order not to injure the new 
hearth and in-walla by a too sudden and strong heat, A fumaoe it stouter with about half the 

EMsure which it will take, and that gradually inoressed in the course of some weeks. A few 
nrs* blaat will raiae the Suid cinder to the top of the dam-stone ; the blaat may now be stopped 
" t hearih tried by a light bar aa to oleanlineaa, and if found free from clinkers 

_. ..^ . topper ia formed of CUV and coal-do 

the tjirnp Stat, uid tbe olaat let in again. The melted u 
aocumnUtet now at the bottom of the hearth, and the alag 
runs over the dam-plate and is carried away. The furnace, 
of course, la perpetually filled with ooal and ore, so that the 
materials are always level with the top. It must be a 
standard rule never to blow a furnace by low stock, no 
matter how it worka : It must be full. In oaaes of imminent 
danger of chilling, a sinking of chargea ia excusable, but 
only to be refilled by dead charges ; that is, coal without ore 
It wiU require, according to the kind of famaoe, ftom 
twelve to twenty-fonr houia to flU the hearth with Iron. 
If possible, the iron ought to oome near the top of the dam, 
before tt- * - ■--'- ' -..."--■ ™ . 

near A, Fig. ^2. A cbanuel, — run, — dag in moulding 

sand, condnots the iron to the pig-bed, B, where the piga 

are previooaly moulded into sand or coal-dust, or dnrt of 

anthracite or coke, by means of wooden patterns. Running the iron into iron ehillt ia not nooh 

praotised. It la confined to only a few furnaces near Baltimore. If the iron ia tapped tiefore the 

pool ia quite full, the hearthstones below the tuyeres are liable to be ocnted with a dry, tenadona 

oinder, which may oaue teriout vexation. Such dr; dndera came oold, white Iron, and ma; 
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oocasion the freezing of the iron in the bottom. When the iron is thus tapped from the frnnaee, 
the blast is aUked, or stopped, the clinkers and oold cinder removed, and a fresh stopper of clay 
and sand placed tmder the tymp, and the blast put on again. 

The first iron made should always be grey iron ; for these reasons the ore charges are light 
An increase of ore must be made gradually and very slowly, proceeding with the greatest caution 
as to the increase of burden. White or mottled iron, in the first week of a blast, is an indication 
of scaffolding the furnace. The fluid cinder thus formed is liable to adhere to the in-waJls and 
cause troublesome concretions. When grey iron is smelted the cinder is not very fluid, and may 
descend into the crucible before it becomes sticky, where the heat is strong enough to remove it at 
any time. 

The tvmp-arch is divided into two parts, as shown in Fig. 692. The run for the fluid iron is 
as much lower than the part C in the middle as the height of the dam-stone. C forms somewhat 
of a slope, falling from the dam-stone gently. At the left-hand side are two cavities, into which 
the cinder runs alternately. About a ton of it is necessary to fill such a cavity with slag. A 

Siece of pig iron, or any other iron, is set vertically into the centre of the empty cavity, the cinder 
ows around it, by which it is firmly held, and, when the mass is nearly cold, it may be lifted by 
means of a crane located at D. It is deposited on a horse-cart, and carried away. The slope G is 
separated from the run A, and from the slag-trough, by cast-iron plates, set so close to both sides 
as to afford only sufficient room for either the iron or the slag to be removed. The room, or slope, 
thus formed, is necessary for the furnace-men to stand upon and work the furnace. In order to 
make this space as large as possible, the tymp-arch is considerably larger than the tuyere-arch. 

Having thus far given a general description of a blast furnace, its construction and mode of 
operation, we will now take notice of some of its most important particulars. To commence with 
the bottom stone. This part of the famace should be particularly dry, and, if convenient, even 
warm A oold or damp bottom causes white iron and waste of fuel. In some parts, particularly in 
Sweden, the bottom is purposely kept cool ; but not so in this country. It nappens at some old 
furnaces that the foundation is not perfectly dry, for want of drains ; but furnaces recently erected 
are well provided with means for the removal of moisture. Bome kinds of ore, but chiefly the 
quality of iron smelted, afford the reasons for having a oold bottom stone; considering, however, 
tne greater use of fuel incident to it, the advantages are in favour of a dry and warm bottom. 
The leading form should be the one represented in Fig. 693, for the foundation of a furnace. A 
spacious archway crosses under the furnace between the pillars, so that a man may enter and 
examine it. Any moisture which happens to penetrate from above, which is often the case at hot- 
blast furnaces, thus subsides quickly, and cannot do much harm. In the meantime, it affords an 
opportunity of correcting the discharge of water, in case there ih any obstruction. A damp 
bottom stone is not only the cause of waste of fuel, but it produces vexatious concretions of cinder 
below and around the tuyere, which cause much trouble to the founder. The bottom stone should 
be in one piece, if possible, but there is not much harm done if it is opliced, provided the joint is 
dose, and the stone safely bedded. It should be a hard, well-dried sandstone, with a uniform 
grain. 
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The plan of the hearth is a square, and seldom round or elliptic ; the dimensions of the hearth 
depend entirely on circumstances. A furnace in western New York — Siscoe furnace— which melts 
a mixture of magnetic ore and hematites, principally the former, is 2 ft. 10 in. wide, 18 in. high below 
the tuyere, and 20 in. above the tuyere, where the boshes commence. Such a low hearth is suitable 
for magnetic ore, spathic ore, and some specular ores, but it would not work well with hematites ; 
for the latter kind of ore requires a higher hearth above the tuyere. The charcoal furnaces of 
Pennsylvania, U.8., are not often less tlum 4 ft. high above the tuyere. Ores which melt easily, 
or which are porous and form grey iron, ought to be smelted in a high hearth. The height of a 
hearth is regulated by the ore, but the size of it at the tuyere is determined by the fuel. A 
hearth for anthracite or coke is not higher than a charcoal hearth. For ores which melt with dif- 
ficulty, 1ft low hearth — in fact, one where the boshes oonmience at the tuyere, as shown in Fig. 694, 
is considered profitable, and for porous hematites it may reach 1 *5 ft. above the tuyere. The space 
below the tuyere is generally plumb ; above it, the batter is from -^ to 4 ; that ia, one half-inch to 
the foot for very mild ores, and 2 in. to the foot for refractory ones. A nigh crucible has always 
more taper than a low one ; and one for rich or refractory ores more than one for impure and 
fusible ores. When foree-pig is smelted, the hearth is lower or more tapered than for grey or 
foundry pig. The hearth should be wider, and have more batter, when much than when only a 
little iron is to be smelted. The height and batter of a hearth are in fact not of so much importance 
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u U oomtnonl; mippoeed. It ii expenaiTe to nnelt gre; iron in a low or laiiQli-tiLpered hearth, ami 
it ii eipeniiTe to maiiDraoture forge-pig in a high hearth, A high hearth alwafi caiuea inferior 
forKB-iroD. The high cmeibls aavei fnel and ore, but works bIoh If we ssBiune that a fumac« 
without a hearth, where the tnyere is onlj 8 or 10 in. above the Dottom, and the batter of the 
boahes drawn down to the tnyere, aa ahown in Fig. 694, and nbo that a fumace tiT this constmotion 
pmducea the beet for~e-iron — then regarding this as one extreme of the fonns of a hearth, and con- 
sidering the other extreme to be a hearth 6 ft. high, and only ^in. batter to the foot, and aaaign to 
this the cspacitT of pioduciiiK the best foundry-pig iron — we shall have the intermediate fonns 
nearly in the following order tor ores. Starting with no hearth, or the lowest hearth, low pre«sure 
in blast, forge-pig, and much iron, the ores which may be smelted to adTantnge are as follows : taw 
sparry caibonatai, raw ma^etio ore, ailicatea and foige-cindel, row alliaceous ore, cryBtnllizod 
peroxide, specular ore, compact peroxide, red oxides, roasted caiboaates, reaated magnetic ore, 
roasted argulaoeons ore, raw hematites, roasted hematites, pure bog ores, uid bog ores which con- 
tain much phosphate. The aeries of ore inrorted will work m a high hearth, strong blast, foundry- 
pig, and smelt slowly. Bog ore may be smelted in a low beartb, but not to advantage. As the 
ores are generally impure, a great d^ of iron is lost in the slags, and consequenlly much coal is 

' ' ' 1, and however good the iron may be in the forge, it is of no nse in tbs 

intrary, we smelt refractory ore. commencing with the senea. In a hieh 
he&rth, theyield is poor, much ooal is used, the iron never good for the forge, and not useful In tbe 
foundry. We thus see how much the form of a hearth is dependent upon a variety of ciraum- 
stancea, which must be considered in its construction. If we erect a cylindrical high hearth for 
amolting magnetio ore, and intend to smelt good forge-pig, and much of it, we certainly fail in the 
attempt. And if we dcaire to produce founiuy-pig, of Ix^ ores, in a furnace without a health, we 
shall nnd the iron very poor, weatc, and hard, oonsnming much coal and ore in its manufactuie, and 
not suitable at all to be worked in the forge. By oonsidering these facts, we distinguish easily the 
oorreot form of hearth for certain kinds of ore, as well as quality and yield of iron. 

One side of a horizontal section of the hearth, or the distance between the tuyeres. Is never less 
than 16 in., and not larger than 8 ft. Bound or oval aoctions of oruciblea are not often used, and 
we shall not allnde to them. The tne measure of a hearth is the contents of the area, for which 
we aamme one aide of a squara. Theae dimensiotia are somewhat oontrolled by the natnre of the 
ore, but depciid chiefly on the quality and kind of fuel, on the quantity and kind of iron to be 
■melted, on the pitosure of the blast, and on the number of tuyere*. A hearth of only 18 in. 
square at the tuyere, which la worked by one tuyere, will make very little iron — 2 or 2} tons in 
twent7'fi>ur boun. These dimensions are only suitable for working by week blast, with }-lb. 

' * B below 80 in. are for charcoal only. Ahearthoir24 

, . , st and one tuyere; two tuyena may 

bring the yield to 6 Ions a day. A hearth of 30 in. may be worked by three tnyeres, | to 
1 lb. pressure, and produoe from 6 to 10 tons of metal in twenty-four hours. The ore has mudt 
Influence on Uie yield. A hearth of at least 30 in., and from that to 4 ft. in width, is used for 
smelting by coke, the yield of the furnace being In ratio to the aize and amount of blast ; it varies 
from 10 tons per diem to 16 or 17 Ions. We flmd in anthraoite fumaoea - tbe lai^eet hearths in 
them— the diatanoe between the opposite tuyeres is not le«a than 40 in., and sometimes it is •■ 
wide •« 6 ft. Ad old bearth U frequently found to work weU with a width of 8 ft. The yield 
in theaa fu mww rariea from 10 tons per diem to 80 Ions, according to size, ore, pressure of blast, 
•od nnmber of tnyerea. LMg»«iied Dearth* am generally of a round form. 

Prtunrt of Shit.—Tiio density of blast depend* Rtrictly on the quality of fnel. It has been 
observed that toft eharooal works beet with ^ to | lb. presaure to the aq. in. ; hard ehairoal, 
with 4 to I lb. presaure. The best wood charcoal will not bear mora thui thia denaity. Baw 
bitummous coal, or coke, is worked to advantage with 2} lbs. to i lbs. pressure, and anthracite 
■boold have at least 4 lbs. We have no evidence that more denaity ia injurioua to tbe operation 
with anthtaeite. When less pressure than this is at our disposal, eiUier from want of power or an 

Imperfect blaat-machine, the width of the hearth should be reduced, to produce " * 

of current io the fnel. When hot blast ia used, the densities are as above 
stated; but with oold blast they may be considerably incrcaacd. Aa the , 
effects of hot blast may be in some measure produced by higher denailiE^ 
the boat results must, as a matter of oourae, be obtained when pteaaure and 
temperature are so regulated aa to work the ore with the amalleat amount of ! 
fuel. We are not informed what density of cold blast anthracite coal will ; 
bear: but we know that strong coke will bear 6 lb*., hard chaicoal 1 to l|lb., | 
and soft charcoal to J and I lb. i 

A'amber o/ TSiytrtt. — The number and size of tuyeres depend on the aiie of i 
hearth, the quantity of iron to be made, and whether hot or oold blast is f 
used. In a small nunace, where charcoal ia used, and the production is j 
limited, but one tuyere is used ; and Ihi* is applied at one side of the hearth, ' 
as ahown in Pig. 695, and at tbe side of the tap-hole. It ia a remarkable ^ 
fact, that all attempts have proved futile to work a furnace by placing tbe . 
tuyero in the beck Btoue, oppoaite tbe tymp. Thia appenrs to be its natnntl 
Dosition, but in practice it does not prove so. Qood coal, fusible ore, strong 
blast, and a well-sized heuth, will pioduce a large quantity of iron with one 
tuyere. Some fumaoes smelt as much as 7 tons per diem by these means. 
There are great adnmtages in working one tnyere, particularly with refractory orea and oold bl 
All dayish and ailioeons orcB work better with a single one. When a second tuyere is used, it is 

S laced oppbdte tbe one ahown above. At charcoal furnacea we do not often flnd a third tuyere, 
,t ooke kbA aBlbraoite furnaces we flnd at least two tuyeres, and in most cases three ; and some- 
time* u many m fl*e or six. lliea tbe section of the iMarUt is roond, uid the tuyere* are placed 
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heated so aa to preT 

wide he>rth and hot blFut vill ndmit of the use ol more 

tuyeres than a narrow hearth and oold blart. 

Siteof Bothn. — That pert of the furnace commencing 
at the top of the crucible, which fonna a slope more or 
less «teep, the form of which vajiea vcr; much, will be 
easily nnderstood after tho preceding remarlu. The 
width of boehes, which means tho largest diameter of 
the interior fitmace, depends in some mcasnre on the 
fuel, but chiefly on the quantity of blast which is 
brought to bear npaa tbe fuel. The diameter, or rather 
the slope of tbe boahea, depends also on the kind of ore 
which is smelted. We may reaaooably aasiime that this 
■lope is intended to perform a certain service, and that 
can be no other than gradually to diminish the fotee 
of the current of blast. As has been demonstrated in 
previous pages, tbe current of blast carries along witj) 
it particles of carbon, which may be either dissolved in 
tho gases or not. They will be deposited where the 
current or temperature is loo weak to bold them longer 
in suspension. This fine carbon is absorbed by the 
porous ore. The size of the boshes must be, therefore, 
ID ratio to the quantity of blast and the kind of fuel ; 
assuming that both current and temperature are at the greatest diameter, so far diminished as to 
deposit the partioles of carbon. If the boahes are too narrow for a certain quantity of blast, the 
pout of depositing carbon is carried higher and the smelting of the ore commences where it ia 
liable to deposit refractory slag on the slope, causing scaffoMmg. If the diameter is too larg^ 
the ores are carbonized loo low, and the elightest alteration of heat must inevitably deposit par> 
tially melted ore in the widest part of the boshes, causing concretions. In cases of doubt, it is 
prefeiable to have the boshea too narrow, rather thui too wide : but we must be aware that nothine 
has more influence upon tbe quantity of metal smelted than tiie dimension of the boshes. But if 
the furnace cannot be supplied with anffloient blast, it is very Teiatious to have the boshes too 
wide. The extreme diameters in use are from 7 to IS ft. Cbarooal furnaces will bear 9}. and in 
iome instances 10 ft. of width : but tbe Utter is rather a large size. Coke furnaces are not often less 
than 12 ft,, and do not work well if larger than 15 ft. Anthracite appears to aflbrd a wide range: 
we Snd furnaces of 10 ft. boshes, and also of 18 ft., or nearly tonr times larger. As the quanlitr 
of bhut ia in proportion to the fuel, and that in some measure ooutiolled by the quantity of metiU 
made, we find that the production of a furnace is nearly in proportion to the size of tbe boshes; still, 
this rule is not so perfect as to admit of correct deductions. The kind of ore and quality of iron 
•melted elert almost as much effect on the yield of a furnace as the size of boshes. Fusible, well- 
fluiedore furoisbes more irou, and a larger quantity of forge than of foundry iron may be made in the 
•ame time by boshes of the same die. When the diameter depends on the quantity of blast, the slope 
of the boshes is regulated by the ore and the quality of iron smelted. A slope of 50° is commonly 
adopted in small furuaoes where fusible bog ores are smelted ; even 45° are not considered too fiat. 
Baw orea, of tbe primitive fomiation, are smelted in stopce of from 70° to 75°, as showu in Fig. CM. 
Between these two extremes we observe many varieties of stopos. Close, compact ores, which do 
not form grey iron, are smelted in steep boshes : and ores which are inclined to produoe a grey 
fusible iron may be smelted in flat ones. Foundry iron is better when made in &I boebes, and 
forge when made in steep ones. The yield of a fnmaoe is greater in the latter than iu the former. 
Tbe use of fuel ia also greater in steep than in flat bnehea. This depends, however, so much on 
the form and oompodtirai of the ore, that in these respects little influence is exerted by tbe slope 
of boshes. 

That part of the fiiraaoe oommenoing at the widest part of the boahes and extending to the top 
is always of a conical form, with straight, or more or leas curved sides. By eiamining the use of 
thispart of the furnace, we arrive at \ia correct form. In practice, we find it such aa is reptesented 
in Kg. 697. Wo shall not consider the . .«, _ 

•dvanta^ or disadvantages of these 
forms of in-wiilla, but prowed to define 
the use of this part of the funiaoe. 
Assuming that the operation of reviving 
and melting the metal and the slag U 
carried on in the lower part of the furnace, 
from the largest diameter downwards — 
which Is not always true, as we siinll 
see hereafter— we discern the use of the 

space enclosed by the in-wall, Notbicg is ^ 

of gases from the ore and coaL In reducm^ the o.. 

Water, aa well aa hydrogen, free ojygen, or nitrogen, a: 

tbe second are aetually hurtful. The object of this space, therefore, ia to evaporate water froni 
ore and coal without censing injury to the form of Uiese ■ubstances. A high heat, of course, will 
evaporate water sooner than a low one : and it will also break coal and some kinds of ore, and 
form dust of them. For these reasons, a high he^t at the mouth of the furnace is often found to ba 
iitjurions to tbe smelting operation. Chaicoal lequiret at least twenty-four hooia to dry it at a low 




the crucible ; the first and 
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h«it, and aome kinda ^ cla; or trgUUceon* ore tbree timee tbat lengith of time. When ooal Mid ore 
may be dried in twenty-foot hoora, witbont injury to form, the size ia Bafflcient when the capocity of 
the fnmsoe aboTe the boehea is lufRciently lajge to hold ore enough to vork for twenty-four honn. 
When 10 ton»ofiron are smelted in that time.aod Sbnuof ore and 200 bushels of cool ore required 
for 1 ton of iron, the furnace must bold 30 tons of ore and 2000 buaheia of ooal aboie the boflhes. 
Generally we find the cauctty somewhat greater ; but there is no neceasity to hare more stock 
in the furnace, whether charcoal or anthracite. Where cohe or raw bitumioons ooal is used, the 
case is different. Thie fuel contains always more or leas hydrogen, the pressure of which is highly 
injurious in that pArt of the fumaoe where the iron is received. It requires a red heat and a liberal 
■apply of air to eipel hydrogen from a large body of coal, and also much time. In thi* case little 
can bedoDe in twenty-four hours, and therefore ■oohfnmaoea have a oapaoitj for three days' ttock. 
The fonn of the iu-waU, if curved or straight, oannot therefne hare much inBuenee oa the 
opetatioQ ; but a gentle curve, or a cylindrical part above the boshea, ii fomid advantageous. This 
will afford some play for the oecillntitms of blast aitd prevent scaffoldingon thealope of the boahea. 
The oaived form shown in C, D, Fig. 6^, affords one advantage — namely, the same capacity with 
lees height ; and for this reason the curve is advantageous. It has been observed, that beyond ft 
certain limit there is no advantage in increasing the height of a furnace. This may be 40 ft. for 
charcoal and anthracite, and 50 ft. for ooke or bituminous coal. A lower fnmace works easier, 
makes better iron for the forge, and, when well arranged— that ia, of sufficient capacity — does not 
consume more coal in proportion to the iron smelted than a high fumaoe. It is, therefore, deairable 
o operate with the least height. This can be aooomplished only by curving the lining so aa to 



L a low lurnaoe wura Denur uuia a sum^^ufc iiuluk luiu uigu Dbau«. 
'er to extend beyond the lar|^ diameter of the boshes. 
Silt of lf<ni(A.— On thia subject a great deal of controversy has ai 
alt. It i* settled that narrow top* and too wide mouths cause a w 



nmlt. ,.._ _. 

If we consider the object of this aperture we shall be able to delennine its size. The mouth is 
obieSy for oharging the fninaoe with ore, ooal, and flux, and for the escape of the waste gaaea. If 
the current of the gas is too strong at the top, a large quantity of small particles of carbon are 
torn loose and escape, thus causing a loea of fuel. If the throat Is too narrow, the ore is apt to bake 
and form lumps, which pass into Uie oentre of the fnmace, and descend to the hearth unsmelted. 
A mouth of the proper size vrill cause some ore to move towards the iu-walls, while the large maaa 
will remain in the centre. When the throat is narrow, a marked difference is found in the 

r ration of the hearth when a fresh charge is thrown in and when it ia down. This is particularly 
case at small, low charcoal furnaces. The oscillation in heat thus produced causes a waste of 
fuel. A narrow throat will work hotter than a wide one, and thus cause the flying of ooal and ore, 
which makea duat in the boahes and forma an obstruction to blast. There would be no objection 
to making the mouth as wide aa the boshea, were it not tbat by so doing the ore is thrown chiefly 
near the in-walU, which in melting will cause scaffolding ; and if in this case the ore is charged 
in the centre of the fnrUBce, the waste heat eeoapea chiefly at the in-walta. preventing it from 
becoming sufficiently dry before arriving at the hearth. These reflections lead to the conclusion 
that iialfthediometerof the boshes should be nearly the diameter of the mouth, which iaconflnned 
by practice. At charcoal fumaoea the diameter of the mouth is generally made narrower, under 
an apprehension that heat will be Inst. At coke and anthracite furnaces, we flnd the throat wider 
than half the diameter of the boshea ; it ranges between } and { of it. There is less danger H 
losing heat by a wide thnn a narrow mouth ; the latter alwaya conanmea mora fuel than the former, 
but it requires more attention on the part of the founder, because of its tendency to cause acaT- 
biding. The mouth may be formed of an iron cylinder or a brick wall. 

The mouth is sometimes surmounted by a ohimney ; this is required to protect the workmen 
•gainst injury from the flame. An open mouth causes improper flUing, beeauoe the men sometimea 
cannot get Dfar the proper plaoe, in consequenoe of the flame which la driven there by the draught 
or wind. It is in idl instances proper to erect some protection for the fillers. A brick chimney, 
well provided with bindera, and some apertures for charging, is all-sufficient for the purpose. 

Blast furnaces have in most cases, and should have in all cases, a roof over the top of the 
■tack, a bridge-house and a moulding house The uses of theae buildingis are obviooa — for the 




pmteetionofthoee who work the nnd in the ptg-bed, and the ore, coal, and furnace, from the effects 
of rain and snow. The whole of a blast fumaoe, including all theoe buildings, assumes then a form 
snuh •■ is represented. Fig. 608. All these boildinga thoold be ooostnioted of imn, or ooated 
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with a flre-pToof paint ; for any losses in oonsequenoe' of a oonfiagiation in these establishmenti 
aze of a senous nature, because they cannot well be covered by insurance. 

We recognize two distinct and active principles in smelting iron ore, or, in fact, any other ore. 
The one relMes to those instances where porous ore is smelted ; the other is that in which com- 
pact ores are reduced. In former pages we had occasion to allude to this subject, and remarked 
that carbon must be dissolved in the gases of the lower part of the furnace, or we could not account 
for grey iron. The carbon may be dissolved in hydrogen, or any other gas ; it will be attracted by 
the oxygen of the ore, the pores of which it will fill if it is porouB. By whatever means the 
carbon is dissolvcNl, or set in motion, the effect must be in all cases the same. If ore is very 
porous, it will absorb much carbon, and form a black or brownish-black mass, which is more 
refractory than pure ore, and which melts only in the high heat of the crucible. This condition 
of the ore in the furnace has been proved by actual experiments. In drawing out the contents of 
a furnace, when in the best condition for smelting, the ore was found to be in this state. Under 
these circumstances, iron is smelted with the smallest amount of fuel, grey iron follows with the 
greatest facility, and good quality can be depended on. This mode of smelting can be practised 
only on porous ores, bog ores, hematites, soft red oxides, and roasted ores. It requires a large space 
above the boshes in order to saturate the ore with carbon, and flat boshes to concentrate the heat 
.below them and in the centre of the furnace ; it also requires a highly-charred fuel, which is free 
fiom hydrogen. It has been observed that, when it is desirable to smelt grey iron, raw fuel or 
imperfectly-charred fuel does not facilitate tiie operation. On the contrary, raw fuel leads to the 
formation of white iron. Grey iron, of course, is smelted by raw bituminous coal, and also by 
I wood ; but we speak here only of ordinary circumstances, in which the fact is as we state. If the 
mediimi in which the carbon is dissolved is indifferent in respect to the formation of grey iron, 
carburetted hydrogen ought to be particularly suitable for the formation of it. But this is not the 
case. Fuel which contains hydrogen forms, at best, an impure iron : and if grey, it contains but 
little carbon.' Oarburetted hydrogen certainly deposits more carbon in the ore than can by anv 
other means be accomplished ; but hydrogen reduces many substances, such as silex or lime, which 
are not reduced by carbon except imder peculiar circumstances. When hydrogen penetrates oxide 
of iron at a low temperature, it forms a powder of metallic uron, which does not so readily combine 
with carlxm as a powder of oxide of iron exposed to the same degree of heat. We disioeni thus 
very readily the means by which grey oast iron, of good quality, can be formed. 

In these remarks we have alluded to one extr^e — ^that is, the formation of grey iron from 
porous ore ; we shall now examine the other, or the formation of white iron from compact ore. 
The best material to serve as an illustration la a silicate of iron. When /brge-cinder is charged to 
a blast furnace, it cannot absorb carbon in its pores : fbr it is compact, and not accessible to any 
gas, so far as its interior is concerned. This substance will move unaltored in the furnace, to a 
point where the heat is strong enough to melt it. Here it is converted into a fluid cinder, or dag, 
and trickles down through the hot coals ; these absorb oxygen from iron and other metals, and if 
the height of the column of hot coals is sufficient, all the iron may be reduced before the fluid slag 
arrives at the tuyeres. Ko carbon can be absorbed by the iron in this case- for it forms large 
globules, and is not in a condition, or not in so dose contact with the metal as to combine with it 
The fluidity of the metal is in this case most generally produced by substances which are nearest 
to the iron ; and as these are phosphates, sulphates,, and silex, their respective bases will combine 
with the metal, which, when once fluid, does not absorb carbon, .but rapidly descends into the 
hearth. In this case we perceive that a certain height of a column of hot coal is required to 
reduce the oxide ; if that column is too low, the iron arrives, in the form of oxide, at the tuyere, 
and cannot be converted into metal but by the presence of grey iron in the pool of the crucible, 
the carbon of which will reduce the oxide which may be in the slag. The height of the column 
of hot coal required will depend on the nature of the ore. If it is a very fusible silicato, such as 
forge-cinder, a considerable height is necessary, because it will descend rapidly and escape the 
action of carbon. 

In thus analyzing the operation of a blast furnace, we see that, in the one case a very low 
column of heat, and in the other a very high one, is required. Between these two extremes we . 
find the proper height. Very porous bog ores containing phosphorus, smelt in a narrow, almost 
cylindrical hearth, 5 feet in height ; a red heat is hardly perceived at the boshes. Forge-cinder, 
by itself, requires at least a column of 25 or 30 feet in height of a red heat ; and thus high the 
crucible ought to be, in order to obtain the necessary intensity of heat. This shows very dearly 
the principle involved in the construction of a furnace-hearth and the boshes. Where th& latter 
commence, there the smelting of the ore begins, and not elsewhere. But as this rule would cause 
the crucible to be very high for refractory ores, it and the boshes form one general slope, which 
may be very high, as the ore requires no preparation in the upper parts of the furnace, and only 
the fuel is to be freed from moisture. 

These principles are not confined to the kind of ore ; fuel exerts more or less influence on the 
height as well as dimensions of a furnace. Hard, dry fuel, such as anthracite, requires little 
preparation in the furnace, and low stacks will work with it profitably. Coke requires more 
preparation, and charcoal most ; and as a high furnace has a tendency to draw the heat up, it is 
found necessary to reduce the height of a charcoal furnace, in order to save fual, by reducing the 
column of heat, and consequently radiation of heat. In the difference of the height of heat in 
furnaces, or in the radiation, which is the necessary consequence, may be found the chief cause of 
the great difference in the consumption of fuel. This accounts for the fact that charcoal furnaces 
which smelt mild, fusible bog ores, will produce a ton of iron with less than a ton of coid, 
when anthracite furnaces use from 1*6 to 2 tons and more, and coke furnaces do not work with 
less than 2 tons of ooke, which ia equal to 3 or i tons of coal, for smelting the same amount of 
metal. 

Hot Blast, — The application of hot blast at blast furnaces is general ; with few exceptions at 
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ohuoMl ftmsoes, it ii done OTeryrhere. In Pica. 699 and TOO* 

u it ia moat commonly ootatractid, which mny be oonaideted bh 

Ibe hot-blast atore js pl*eed notr the tujeiea, u shown in Fig. 701; and each tuyero h 



e have repreaeoteil ths sppantni 




atove, AAA, which enable* the fonnder to 
heat the blast for one tuyere more than for 
the other, as ita condition may require. 
At large fnmacea it frequently happen* 
tliat one tnyere doea not work so hot as 
the other, n£d, in order to remedy the evil, 
more heat ia applied at tbe cold one. 

In geneiaJ, one appuatai la pltkoed 
oonTcnientl; neaj' to aJl the tuyeres, and 
thia heata the blast for »U of them, however 
many there may be. In tbia case the moet 
oonvenient poaitioa ia behind the funaoe, 
somewhat elevated above the tnyeres. aa 
•bown in Tig. 702. The hot-bUat pipea 
■re then above the heads of the worunen, 
and easily acoeasible for repain. 

These oases refer to the method of 
heating tlie blast with aepejnte fuel, which 
is not often practised. The moat common 
mode ia to heat it at the top of tbe fumaco, 
or at some diatiuire below it, even as low 
as representod in the last euRravinii:. The 
llrat instance has been represented. Fig. 
690 : and in the latter, tbe amngement takea the form shown in Fig. 703. The waate hcnt It 
Gondnoted from the top of the fomace, either in largo iron pipea, or in channeli of masonry, to that 
point where the hot-uaat stove is looatad. In some instuioea we find the stove provided with a 
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f urnAoe, or grate, for burning ooal or wood. This precaution is taken to provide heat by extra 
fuel, in case the waate heat from the furnace is not gufficient to heat the blast to the degree 
required. This does not happen at anthracite or coke fiimaces, but is confined to charcoal ovens. ' 

At some furnaces we find the hot-air pipes enclosed in wrappings, which consist of articles 
which are bad conductors of heat ; at others, the pipes are walled in, in the rough masonry 
of the stack. Whatever be the mode of conducting olast, the pipes ought to be spacious, for 
the increased volume of the hot air, compared with it when cold, causes much loss of power, or 
pressure, if the pipes are too narrow. * 

Effect of Hot Blast. — ^The apparently singular effect of hot air in a smelting furnace is chiefiy 
of a chemical nature. The neat introduced bv the hot air amounts at best to ^ and in most 
instances only to ^of that generated; and still a considerable amount of fuel is saved by it, 
^ which at charcoal furnaces amounts to ^, at coke furnaces to \, and at anthracite furnaces to 
" nearly ^ of that used by cold blast. The immediate advantages are, the quantitv of heat intro- 
duced, m case that is derived from waste heat, a small increase of temperature, and a fiuid cinder, 
by which flux is saved. The latter effect is in consequence of the absence of the chilling effect of 
cold air, and a more intimate union of the ingredients. The essential effect of hot blast consists 
in its facilitating the union of carbon and the oxvgen of the blast, by which means carbonic oxide 
is more readilv formed, in which gas carburetted iron may descend without loss of carbon. Gold 
blast will produce a larger atmon>here of carbonic acid aroimd the tuyere than hot blast, and this 
f;BS will not only absorb carbon, out oxidize silicon and iron. As the influence of hot blast on ore 
IS of such a nature as to facilitate the revival of metals, many other substances besides iron ore are 
reduced, and form an alloy with the metal. To these foreign substances belong particularly those 
which are in close contact with the particles of iron, such as phosphorus, sulphur, and silex ; 
calcium is often reduced from the limestone used as flux, when the blast is heated oeyond a reason- 
able temperature. By experience it has been found that, for charcoal, a heat beyond 300°, for 
coke 400 , and for anthracite 500°, is of not much advantage. 

The quaJitv of iron smelted by hot blast must naturally be inclined to grey iron, because all 
the oxygen and other gases being perfectly saturated with carbon, there is no opportunity for the 
ore to escape being carbonized. But it has been observed, and must naturally be expected, that 
hot-blast iron is more impure than cold-blast iron. It contains, particularly, more of the basis of 
silex, because this substsjice is everywhere associated with irrai ore, and is subject to reduction by 
carbon at a high hefeit in the presence of iron, and in the absence of carbonic acid. The quality dT 
the metal iE^ tnerefore, eminently suited for use in the foundry. It is, on account of the amount 
of its impurities and the metaUio form in which they are present, very fluid, and remains so a long 
time, which is the cause of its forming grey, tempered castings. Whatever may be the opinion 
and experience of some engineers, there cannot be any doubt that cold-blast iron with the same 
amount of carbon as hot-blast iron, and cast into dry moulds, is stronger than hot-blast iron, 
smelted from the same kind of ore. Hot-blast iron forms a superior foundry iron for small 
castings, but it is weak in large castings , the cause of which is obvious. The mixture of carbon, 
impurities, and iron, which causes ts fluidity, msJces it also a bad conductor of heat ; it will not 
cool so quickly as strong and pure iron, and consequently it is not so liable to crystallization. This 
iron may be, therefore, a superior foundry iron for small castings ; but it must be always inferior 
to cold-blast for heavy ones, and particularly for the forge. 

The large quantity of heat lost at the top of a blait furnace has been the cause of frequent 
speculations to devise some plan for its use smce the earliest adoption of these furnaces. . It has 
of late led to a great deal of controversy, and occasioned much examination of the nature of these 
gases, as well as of those in the interior of the furnace. The subject is so far settled at present 
that it is found injurious to abstract gases lower down from the top than where they consist chiefly 
of carbonic acid, vapours of water, a little carbonic oxide and nitrogen, and some other substances; 
in fact, these gases are not abstracted until they cease to be useful in the frimace. We may tap 
gases from the furnace lower down in the stack ; but they are not of more use than those near the 
top. and such an operation Ib more or less injurious to the working of the ores. When these gases 
are abstracted at a height where they cease to be useful, we may term them waste heat; but if we 
tap lower down they cease to be waste heat ; for the highly carbonized combustible gases are 
essential to the good effects of the furnace, as must be evident from our preceding remarks. 

At a variable height, 8 ft. on an average below the top in charcoal furnaces, 8 or 10 ft. in 
anthracite furnaces, and 12 or 16 ft. in coke furnaces, the gases are of tiie same, or similar compo- 
sition. They consiBt here chiefly of carbonic acid, nitrogen and steam, and some carbonic oxide. 
It is a mere matter of convenience, so &r as regards the furnace, at what precise spot we abstract 
the gas. Below these various heights it changes suddenly in its composition. It is composed 
chiefly of carbonic oxide, some h3rdrogen, nitrogen, and moisture. These are substances whicn are 
essentifld to the reduction of the ore, and which ought not to be removed. 

We have already shown the mode of abstracting the waste heat from the fomaoe. The most 
common method is by means of a east-iron cylinder of 5 to 8 ft. in length, as shown Fig. 703 and 
in other drawings. The depth to which a cylinder is lowered has no effect upon the amount of 
heat obtained ; this is regulated by the distance to which the heat is to be conducted. A long 
or deep cylinder affords more pressure ; consequently the gas may be conducted farther from it. 
When steam-boilers, or a hot-blast stove, are at the top of a furnace, the insertion of a cylinder is 
not necessary ; in fact, it is of no advantage in any case, for sufficient heat is given out at the top 
in all instances to heat steam-boilers and hot-blast stoves. In this case the arrangement is such 
as is shown in Fig. 704. A chimney at the end of the boilers, or at the top of the stove, produces 
the necessarv draught. A plain cast-iron plate with a narrower mouth than that of the brick 
below, affords a chamber on the to^ of the fuel. When desired, this aperture in the iron plate 
may be covered by a door which is occasionally removed for charging fresh ore and ooal. This 
plan works well enough in small charcoal furnaces •, but at large furnaces, with a wide mouth, and 
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to the application of 
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I large quantity of heat, the effaots are not oertBin. If any objection eiiitt 
oylinder, wUoh may be the eoM when the top worka vetj hot, an 
' ' ' I Pig. 703 i* equally effaotive. It is partiaiilaily empbyed. 




and naefnl for burning lime, or beating blaat. Orer the month of the flmiaoe a ohlmney 1* enoted, 
provided with a dampet on its top. Some Iron doore, which are opened by piuhing the wheel- 
barrow against them, and ehut themeelves when it ia withdrawn, afford aoceaa to the interior for 
charging. By (heee nieana all the beat at the top i* aaved, and may be oondooted to any place 
where it will be uaeful. 

The amount of waete heat at a blait fnmaoe ii very larp, bnt e 
ataok and bomed with the addition of freeh atmcapher- -'- ■*- * 



beating Uwt, burning lime or brickt, and droilar jmrpoaee. In coDclniion, we ineert wme tablea, 
which will be foond mefnl fi>r leferaMe, explaining many things whioh ooold not be referred to 
in this short ezpoaitiOQ. 

Charcoai F\mtact.—AX * oharocal hunue the following penoni are emplt^ed r~one founder, 
two Bremen, two fillets, one gutter-man, one ccal-drawer, a bank baud, uid a horse, cart, and 
driver, and if there 1b a rtamping-miU, or battery, a hand to attend to it. Thii is the emallMt 
number of hands neoeasaiy to nunafe a foniaoe ; generally there is twice that number. When 
ore ii to be broken or masted, fiux to be bioken, aud similar work to be done, an additional nnmlter 
of hands is required. There are charcoal furnaces which oousume 250 bushels of coal to a ton of 
iron : 200 bushels is an average in the Western Statee of America. In Weatem New York, some 
ftimaoea smelt a tou of irau, bom magnotio ore, to 190 bushels of coal ; and in the St. Lawrence 
district, where specular ore and red hematite* are chiefly smelted, as low as 100 bushels of coal an 
used to the ton of iron. A stack in that region, whioh operatea well, is about SO or 33 ft. high : 
7 or 8 n. boehes, with a cylindrical part, 2 ft. hign, above the boahes ; mouth, SI in., and fromtbat 
to 36 in. (when an iron cylinder is used it is of the same die) : width of hearth between the 
tnyerce, 22 in., and 32 in. at the top : height of hearth, ^ ft. ; tuyeres, 22 in. above the bottom ; 
the in-well a cnrve, as shown Fig. 677, C ; suoh a furnace smelts from S to 6 tons a da*. 

The Siscoe fumaoo.onLake Champlain, working magnetic ore, is 44 78 ft. high; IS ft. boshes; 
2 ft, 10 in. hearth, across the tuyere ; hearth, S8 in, high : slope of boahea, 64°, with a cylindrical 
'part above the slope of S^ ft, high; month, 4 ft. 3 in. wide. This furnace nsea about 160 bushels 
of coal to a ton of iron ; its erection has ooet about SO.OOO dollars, eiclusiTe of eight kilns for 
charring wood, whioh coat an additional nun of 10,000 dollar*. 

Atdhradte Fitrwiatt. — The form and dimeusioni of theee vary exoeedingly. They are not cAen 
above S3 ft high ; &om ID to 18 ft boahea \ 8} ft. to 5^ ft. aoroaa the tuveiea ; hearth, trota S to 
9 ft, in height, generally mnoh battered ; boehea, tttm 90° to 70° ; top, 9 ft, to 9 ft. In width. A 
■mall anthnunte furnace prodnoea &om 80 to 120 tens of Lmu, large ttUTweee from ISO to 200 tons, 
per week. 

Coie ^Witacei. — These an genenJly 90 ft high, and as wide at the base ; bothes, 19 ft. ; slope, 
69° to 70° ; be«,rth, acroa the tuyere, 4 ft. ; at top, 9 ft. ; height of hearth, 6 ft,, and tuyere above 
bottom stone, 2 ft. The cost oF erection is equal to that of an anthracite furnace ; iron made per 
week is 80 to 100 tons, using 2 tons of coke to 1 ton of iron. 

The coal charges at fumacee are always of the same measure— about 15 bushels, more or less. 
The weight of oro is regulated according to the capacity of the ooal for smelting. The number of 
charges in a certain time, say tw^re hours, Tories from 12 to 30, accordingto the quantity of blast 
injected into the fumaoe. 

The number of blast Aunaces In the United States may be estimated at 1200; of which about 
100 are antliracite furnaces, 6 bituminooa ooal furnaces, and a similar number which use coke. Th* 
other* an olwraoftl furnaces. 
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DMcription of the Blast Fimaea at Iron Worh at Oroimmi, by Hiram C. Coatthard,^ Jfac*- 
6h™. Toten fr^ the ' Proceeding, Iiut. M. E. '-In the ClBTeknd iron distnct, where the Grosmont 
Iron Works we dtonted, there were, in 1863, 63 blart fumBoea in full operation, 17 furnace. 
not in opeiation, standing for repaiiB or other cauMB, and 11 fuinacw m vanoiu etagee of 

Oroemont, near the tut. 

coast of Yorkflhire, is 
eitualed abont seven 
miles from the port of 
Whitbj, 20 miles from 
the Durham ooalBeld, 
and abont the same 
distance from the lime 
district of Pickering, 
whenes the supply of 
lime is derived. Fig. 
706 is a general plan 
of the entire works, 
which are adjacent to 
the main line of rail- 
way from Whitby to 
Ijaatloton, ioining the 
NoHh Yorkshire and 
Cleveland Bail way, 
and thus in oouiection 
wiUi theNeweastleand 
Durham ooal and coke districts. 

These blast fnmaces 




Jtu/wmee.— SLStMinLift. CK, C»ldi.rDg Kilni. Bp,IUilway. 
BoiW. E.EnEiD«. B M, Blul Main.. QM.GaiMdn, FF, Fm- 
»•. H B 8, Hot Blut StoTcib C, Chimney. 

A siding bom the main line rone Info the works. 

— ..J wg— efficient and economical plan. Each fnmsoe ii 

■'-■■■ SnndajB. Fig. 7W 



MpiJiu of pndooing 250 tons of ^-iiOD a we^ allowing for stoppage o 




is a vertical section of onfl furnace, and Pig. 708 »how» an enlarged vertical section of the top and 
bottom of the furoace. Figi. 709 to 713 are tranavene sectLona of the fumaoe at the tuyeres, tap- 
ping-bole, and hearth, and through the body of the furnace. 

Each furnace meaanrea 18 ft. diameter at the boshes, and a total height of 63 ft, from grennd- 
line to lerel of charging-floor. The foundations were dug out to a depth of about 9 ft., to rock on 
one side, and hard blue clay on the other, tlie ground sloping in the direction of the dip of the 
rock. The stone foundations, both for the hearth and casing of the furnace, are shown in the ver- 



tlw interior of ttie nppermOBt riug-oooiM is built the fire-briok hearth A, Fig. T03; the blocks of 
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vhirh thta is fnnned Are thmm in plan iind vertlckl Bi>rliDn {q Ftgi. 71], 712. Tbe«e blocks tit 
Bct in ground flre-clo; in a. luoirt state, Mpeciil cnre being token to bocuto b perfectly homogerie»iiB 
Diaas, aa the vbnle of the supetstnicture of tbe fumace uid ita contonta, when in vorldiiK order 
weighing aboat 1200 toni, nat upon this foundation. Oa the top couree of maaoojj the fonnda- 




tinn-plateaof cast iron, 8 ft. Sin.aqtUMand 4 in. thick, are bedded in fireclay, to which aie bolted 

tbe cast-iron columns B B, Fig. TOS, 17 in. diameter, for carrying the Buperstmcture. These 
oolnmns ate united at the top by a cast-iron ring or cornice C, in s^ments Si in, thick, each >eg< 
ment having a semidivnlnr snog oust on ita onder-side, which, when tbe work is joined together, 
flts into the top of tbe column B, thoe binding the wlmle of the segments into one ring. 
. Tbe entire lining of the fnrnaoe insido is of refractory flre-brick, D. Fig. 708; the fumace t* 
cylindrical on the outside and entirely cased with wroo^ht-iron plates E, | in. thick at the bottom 
(^ the furOBCe, and towards the top of the famoce dimmished in thicknesa to A in. This casing 
weighs about 30 tons end Costs about 4001., nod is now being generally used in the place of the massive 
stack of masonry fonnerly used. There are ten cast-iron pillars B for carrying tbe snperstmcture, 

filneed at a distance of 7 ft. apart, except where the tapping-bole is sitiated, where the distance is 
ncressed te 10 ft., as seen in Fig. 709. Bmokets are cast on these plUois, Fig. 708, for tbe purpose 
of oarrjing the ciroolor pipes that oonvey the blast and water 
round the tnrnaees for distnbotion *" "•- — "— ■ •■.— — tn.»_ 
are Ore tnyeres to each furnace, o 

tadinnl section in Fig. 714. ■ 

Fig. 713 shows a tmnsTene section of furnace at X X. L 

At the top of the furnace a wroueht-iron plate-comioe F is 

Bxed, Pig. 708, forming the cbarging-noor ; and tbe two furnaces 

are connected by means ot two longitudinal wronght-iron girders 

4 ft. and 3 ft. deep reepoctiTelv, the larger one prepared to reoeile 
the wrougbt-iron beams that form the roadway of the incline up 
which the materials for smelting are drawn by means of a pair 
of fixed horiiontal engines. "Tbeae girders are united by nine 
intermediate croa^^firdera of wrought uoo, and, when ooTered with 

Slatea, form the roadway of the charging-floor, having a screen 
ft. 6 in, high running ronnd for protection. 
The throat of the furnace, Fig. 708, is adapted for taUng off 
the waste gaa, which Is oollscted in a wronght-iron tube Q, 5 ft. 
diameter, which extends down the throat of the furnace about 

5 ft., and is lined inside and cased ontside with refractory flre- 
brioli 6 in. in thickneae. This tube ia fixed to and supported by 
a crown or dome, built in the throat of tbe furnace, of specialty 
monlded lumps of fire-clay, supported by six buttresses built of 
the same material. The crown has sis openings formed at the 
rides for oharging parposea, aod cme opening in the centre, through 

which the gas jmmm Into the tnbe O. There is tbe nsnal brick chimney at tbe top of the fomam, 
with WTongbt-uon (wing^oots corresponding with tbe openiogs in the crawn. The gas is con- 
veyed fran the fUnwoe-lop to the boilers and hot-blast stores by a wrooght-iron tube 5 ft. 6 in. 
diameter, large eoongh to take off the gas &om two additional nrmaoes ; and square boxes, H, 
Fig. 706, are fixed at intervals along the tnbe to allow (or expanaiou. A flap-valve, I, Fig. 70S, 
opening ontwards for cleaning purpoaea, is fixed at the end of the tube over the furnace. 

Figs. 71 5. 716, show a vertical section and sectional plan of one of the hot-blast stoves. Three 
of theee are built to ««oh furnace, of commtm brick made on the eetote, lined with refractory fire- 
brick, and externally hound firmly together by wronght-iron hoope 4 in. wide and J in, thick, 
phtoed at intervals of S ft. Tbe stoves are heated by the gas being admitted at tbe top, J, and a 
■mail fire is kept on the grste at the bottom for the purpose of ensnring that tbe gw is always 
ignited. Four Sues, K K, Fig. 716, pass away from tbe bottom of the stove to the main chironey- 
fiue L, Fig. 715, wbioh is in connection with the cbimney-staok, Fig. 706, of 180 feet height. A 
simple disc-valve J is fixed at the top of the stove where the gas enters, to cut off the supply of 
gas bom tbe stove at any time. The pipee M, through which the blast jwsses, consist of ten pairs 
to each stove, 12 in. diameter, each pair being arched at tbe top and unkted at tbe bottom by con- 
necting foot-boxes, thus forming one continuoue course of pipes for the blast to pass along. The 
blast enters on one side of the oven, and, after circulating through the pines H, passes out at the 
other side into the main pipe N for the service of the tuyeres, as shown by the arrowa. A stop- 
Tsive O aervea to out off the oommuuication of each stove with the blsst-toain, wbioh is 5 ft. 6 in. 
diameter, and thus forms also the blast reservoir. The temperature of tbe blast is tram 600° to 700^ 
Fmht^tiid the quantity blown b7eaoheDgineia6000aab.n.per minute, at a pressure of 8 It*, pet 
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■quue inch. TheM hot-blut itoves hkvd been found mo«t efibctive ; from ths enlk^ed capacity of 
the piPBB, the blast ii much longer in paonng thtongh them, (lad cxuuequently the; are not lequued 
to be kept at mch a deatnictiTe heat 




1, the whole of the fnmacea bi 



The bla«t ia enpplled hj three dirert-Aetins 

high - preraure engmea, quick - moving, hsivitlK 
air-cjlmders 57} in. diainelet, with a etroke of 
8 ft. Two engines are aafflcieat for the work of 
two fumaoee, a third one being provided in case 
' of emergencT, The reaaon for npaiate enginea 
being —^ 1. 41 • ■ ■■ - ■ . . . 

the I" 



JO on, required for the fonndation of one lane beam-engine. The onl; foundation required for 
these euginee u abont 3 ft. depth of briokwork, with a bamework of timber on which to bolt the 
foundatioQ-pIatee. 

The engine-houee is of brick, the roof ia fonned by the water-tank, which oontaina the water- 
■nppl; for the tuyeres, pig-beds, and k> on. In the engine-hanse is fixed a travelling crane, for 
the convenience of elomining any portion of the engines ; this is found a most useful appendage. 
The boilers are five in number, each 7S ft. long by 5 ft. diameter, of the plain egg-ended form, 
heated by the waste gee from the blast fnrnaoee. They are suspended by means of cast-iron 
bridges from the top of the boiler Mats, and are fed by three donkev-engines, all connected to one 
pipe over the boilen. The steam presauie is 60 lbs, a equaie inch above the atmosphere. 

A steam lift is fixed in the works in the posttioD abown S L, Fig, 706, for the pnrpoaa of 
ruling the minerals from the line of railwa; to the (op of the calcii 



}, Coctmuie obeerves, there is no novelty in the 
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fact of taking off the waste gaset _ .. .__ . , . , .. .__ 

present employed Cot accom^iahing this object. Though Cocbrene w«« ni_. 
method, bo does not desire to claim originality in that abont to be described ; but as there ia sucd 
•okDOwledged diversity of opinion as to the reapective merits of diiTere&t plans, and great diffl- 
enlty in procuring reliable inionnation on any, it is proposed to giveadeoomilioDof an amngement 
which has been iu snooeaeftil opefatioD tot some time at the Ormeaby Iron Workii Uiddlesbwongh. 
The large mate of fuel from the month of a blast foraaee where the eaoa|]iiiK gMee are allowed to 
bum awayia well known, and amomiti to mote than 50 per cent, of the fuel bomt; henoe there 
ia oonsidetable margin fbr economy, bearing iu mind the large quantity of eosis cooramed in 
raising steam for generating the blast and the further quantity neoeoary to best that blast to the 
required temperature. In &ct, assuming a consumption of 300 tons of ooke a week to make 200 
tons of iron, about 100 tons of ooat would be required to generate steam and heat the blast. 
Taking off the gases ^m one fnmaoe under such conditions does, according to actual experiment, 
furnish gas equivalent to upwards of 150 tons of ooal a week. This is obviously an important 
matter where coals are eipensiva. 

The blast foniBoe is alternately eharged with coke, iioiutaie^ and limeslcne, in proportions 
depending upon the qnalily or "number" of iron desired. The arTangement of these materials in 
the foraaoe is genemljr deemed Important, though it admits of consideiable latitude without any 
appreciable alteration m the working of the fnrnace. Thus it doee not seem to he of any itapott- 
nnos whether the charge of ooke be 12 cwt. or 24 owt., the amount of load of ironstone and 
limestone being in the same proportion of 1 to 2. The chief point, If there be one, to be gained in 
the arrangement of the material is, to distribute it pretty equally over the furnace, not aUowing 
all the large material to roll ontwards, and the amaQ to oocupy the centre of the fnroaoe, or no 
Hnd: for it ia supposed the ascending gases will paM through the mare open material of the 
fonaoe to the injury oF the cloeer : tbns the two reach the active region of reduction in different 
states of preparation, and the operations of the furnace are interfered with. To provide tor this 
eontingeney, which is met in an open-topped fiimBCo by filling at the sides at three, four, or even 
six points of the ctremnference of the throat, allowing the material to slide inwards 2 or 3 ft. on a 
sloping plate, it was oonaidered expedient in the present instance to make the filling aperture as 
iaige as practicable ; it was therefore made 6 ft. 6 in. diameter, as shown in Fig. 717, so that the 
material tends to arrange itself in a circle a little outside the oentre, thus oorrecting tiie tendency 
(S ltit$t material to roll outwards by causiDK anmilar lendeuiyto roll towards the eentre alsa 
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the height of material in the taiaaoB. A oertaln height is neeory for the efflcient vcuking ol tho 




fumnRO, nnd if thLi bd d a nil) od it n ust b? Qt tl e cxpenso nf fii 1 in Iho fnmnoa, Bicice the 
•beorptioD of heat ftont the gtM» depeoda on the height of matenAl through which they have lo 
oata up : if thia be diminuhed, the guM leaam); from the throat of the funutce vill eaoape at a 
tu);hor tempeiBtore ; if increased, at a lover. 

But there is an important difference to consider in the cooditiona of a oloaed and an open- 
topped furnace, to which Cochrane is not aware that attention has hitherto been drawn i a 
difference which acts somewhat in &Toiir of the open-tepped furnace. The working of the fumacea 
themselves aeema te show that an open-topped fnmaoe is less sensitiTe to irregularities of moisture 
in the material, qoontit; of limestone, size of material, euid so on, which can be aooounted for only 
by the fact that the open-topped furnace has the advantage of a large amount of surplus heat, due 
to the combustion of the waste gases at its throat, which serves to dispel moisture and calcine the 
limestone, and helps to warm up the largo pieces of ironstone ; all of wnich operationa in the close- 
tepped furnace are effected only at a lower point of the fumaoe, thus neccesitating a larger con- 
aumption of coke. With the same proportion of ironstone to limestone, it has been found to require 
about ID per cent, more fuel to produce the same number or quality of iron in a close-topped than 
in an open-topped furnace. In the close-topped furnaces the gases pass away at a temperature 
of about 450" Fahr. : whtbt in the open-topped a temperature of Between 1000° and 2000° is 
generated in the throat of the fumece by their combustion. 

In comparing the extra qoantitv of coke consumod in a oloee-topped blast furnace with the 
savine in coals for the boilers and hot-blast atoveH, it is obvious that the economy to be derived 
by talking the gases off depends on the comparative value of coke and coal. In the Middles- 
borough district, where coal is expensive, it is an undoubted source of economy ; where coke is very 
dear, however, and small cool can De obtained at a mare nominal cost for boiler and stove porpOM^ 
the use of the warte 
gasee would po*- 
aibly do little more 
than eampen«ate for 
the outlay involved. :^^ 
HercL no doubt, ii 
one Bouroe of tbi 
variety c 



rioua districts as to 
the advantage of 
taking off the gas. 
Coohrane's experi- 
ence at Hiddlea- 
borough has been, 
that the waste gaaes 
can be taken off 
withont affecting 
the quality of the 
iron produced, 
though at the ex- 
pense of more fuel. 
The mode 
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mpMe B. To pnmit vxtemirt Wmi: tipoti the bod; of the nlve, ihldd-pbtea ue ftttmched ftt tarn 

pointa ot its ctreomferanee, •KHiiut wbioh the material atribei u tt ndls out of the bairowB. An 
auaolar chamber enciniles the thnDvt, triangalai in eection, into which the gu ponn tbraash the 
eight oriGccA D U ftom the interior of the f umace, and thenoe nmee along the recUngnlu tabe B 
into the cbambor F. At the extremity of the lobe E ia placed an ordinarj flap-vaJve opened by a 
chain, by means of which the cmnrnQniration between the fnmaoe and the descending gu-main Q 
may be closed. The »alvo A ia partially oounterpoited by the balanoe-weight at the other ei- 
tremily of the lever H, and is opened by a winch I when the spaoe B ia mfflciently full of maleriala. 
At the time when the blast is shut off for tapping the fnmace, the gas escapes direct into the atmo- 
sphere through the ventilating tnbe K, which Is connected by leyeraL with the blast ialet-TOlve below. 
Fig. 719 shows the ocmneotion between the fomaoe-top and the hot-blast stovee to be heated 1^ 
the waste wes, which pees down the deocending main 0- into the horizontal main M running 
parallel and clolse to the line of itorea N, (him which deaoend smaller pip«« O to eeoh store, aa 
ahowa in Figs. 720 and 721. Xbe nipply of aii foi bnniiiig the ga* in' the stovn is admitted 




through the three tnbea P, and can be r^nlated at pleasure by the olnmlar slide dosine the end* 
of the tnbefl, which has an apertnre conesponding to each tube, and is planed on the mbbing-hce, 
aa is also the surface against which it works, is order that the slide may be auiBcicntly air-tight 
when closed. The ignition takes place where the air and gas meet, the ignited gas stte&ming into 
the stove and diffusing its heat uniformly over the interior. An important element in the working 
of an apparatus of this description is to provide for ciploeions, which must take place if a mixture 
of gas and air in certain preportions is ignited. To provide for this contingency, cecape'Valves B 
ate placed at the ends and sjong the tops of the main tubes O and H : but to prevent explosions a« 
bi as possible, the ventilating tube S, Fig. 717, is used at the top of the furnace, connected with 
the blast-valve at the bottomi, so that when the valve is closed, as at casting time, the act of oloaing 
opens the ventilating tube, and allows the ^ to pass away direct into the atmosphere. The gaa 
would otherwise be in danger of bIowIv mixing with air passing back through the stoves or other- 
wise gaining access into the tubes, and would tbns give rise to an explosion. Until the ventilating 
tube was provided, it was necessary to lift the valve A closing the mouth of the furnace when lbi> 
blast was taken o% otherwise slight explosions look place from time to time. 

Iq the use of Durham cokee in the blast fnroaoe, an inconvenience arises &om the large depoait 
which takes place in the passage of the gas ttora the fUnace and in the stovee and boilen. under 
the boilera this deposit is a great objection, aa it is a very bad oraidnator of heat, and needs to bo 
f^tiently removed: in the stovea it is not so olijeationable, tbougb these need a perjodical 
cleansing. The deposit does not arise altogether man the ookea, it ia taue ; aod U maj be inte> 
testing to know ita oompoeition, which is aa icdlows : — 

8ilioa ISM 

Oarboo 16-U 

Alumina 1397 

enlphateoflime 13-61 

Lime 11-01 

Protoxide of dno 10-31 

Peroxide of iron 901 

Protoxide of maDeaoeae 2-96 

PotMh 2-lS 

Protoxide of iron 125 

Bbenwta .. 125 

Ch£rideoraadiimi 0-60 

100- GO 
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UisBtores, which must touehl j appioiim&te to that of melting iron, from the results of a feweiperi- 
mentg made to ascertain this point : though thin pieces or cast iron were not fairly melted down, 
the; reached the rotten temperaturo, which is onlj a few degrees below melting, aod gave fnrthet 
signs of nearly melting by throwing off apuka wheo quickl; withdrawn bom the BtoTesuid struck - 
smartly against another object. 

C. Cochrane says, that he has hesiid it userted that the closing of the top of the fnmaoe is tho 
source of mischief to its working b; ptnducbg a baok-preasure in it. Under oidinair ciicum- 
staaces, with the fomace-top open, ue blast enters the tuyeres at a pressure ranging from 2^ to 
3 lbs. a sqaare in. In tho present dose-topped furnace there are eight outlet-orifices D, Fig. 717, 
each 2 ft. by 1 ft., giTing a total area of 16 iq. ft. for the passage of between 5000 and 6000 cub. ft. 
of gas per minute, raised to a temperature of 450° Fshr. : and the actual baek-pressnie of the 
gas, as measured by a water-gauge inserted into the closed lop of furnace, is from } to ) in. column 
of water, or about -^th or i^tb of a lb. the sq. in., an amount so trivial as oompared with a 
preasnre of ftom 2) to 3 lbs. as to be unworthy of notioo. Of course, if the tubes are wmtracted in 
size, a greater baok-pressure will bo produced ; and it is quite possible that where attention has not 
been paid to the ciroumstanco, the fa«ck-preasnre may have interfered with the working of the tut- 
nace by preventing the blast entering so freely. 

As regards economy in the weej and tear of hot-blast stoves of the ordinary constmctioii, there 
can be no question the pipes last much longer when heated by gas, provided the temperotare of the 
stove be carefully watohed to prevent its rising too high ; whilst the value of the same heating-enrfac* 
compared with its value when coals are used ii greatly increased, owing to the uniform distribution 
of the ignited gases throughont the stove. In the use of the gases at Cochrane's works, this eoonony 
of surface is such that two stoves hetrfed by gas will do the work of a little more than three heated ' 
by coal Area. 

On the Working and Capacity of BlaH Funueai, in the ■ Proceedings of the Inst. H. E.' (1864), 
C. Cochrane further observea,— referring to Fig. 722, wMoh shows the original constmction of 
closed -top and lifting ■ valve for 
chargiDg, the materials for the 
charges being Blled into the ex- 
terior space B surrounding the 
charging- valve A, which is drawn 
up into the position shown by the Hi 
dotted lines for allowing the ma- 
terials to foU into the furnace ; 
while the gas is taken off from « 
the famace-top by the passage B, 
— that the usual plan of closed- 
top adopted in bust fumaoea is 
that represented in Fig. 723, in 
which it will be seen that the 
materials are filled in against a 
lowering - cone C, placed in the 
throat of the furnace, which OD 
. being lowered into tho position 
shown dotted, permits their fall 
into the furnace. The tendency 
of the material in this case is to 
nil outwards from the charging 
MDe to the Bide of the furnace, 
and thenoe book again to the 
centre, as shown in the drawing 

It was thought at the time of 
adopting the plan shown m Fig. '-s-. 
722, that the height ol the mate- - 
rials carried by the same furnace 
would be increased, and that a 
corresponding economy in con- 
sumption of fuel would result, 
owing to the circumstance that 
where the plan shown in Fig. 723 
is adopted, the level of the mate- 
rials must always be maintained 




and part to the centre. 

As long as the furnace could be kept so full as to etmra the arrangement of materials shown 
by the dotted line in Fig. 722, there was no reason that it should not work nniformlv ; but the 
pnctioal mult was that it was found impossible to keep the fnmaoe solBaiently full to secure 
the distribution of the materials in the manner intended. The level of the Borfaoe of the materials 
was generally below that intended, the oonaaqDence of which was that the material on falling iuto 
tbe nuiUMW WM shot into the centre^ &om whence the largest pieces lolled outwards, and the 
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B shown by the full line in Fig. 722. TIib reeolt of till *m 
irre^lar wMking of the famace over a period of many montliB, during whidi an explanation of 
the irreffnlarity was in Tain songlit for. At one time it waa thoaght the back-prewnre of the 
escspini' (tas had Bomathing to do with the iiTeB:nlaritT ; at another the cauBe was Bought for 
In the difficulty of keeping the hopper-valvo A of the fainac« tight, and the necessity for nsing 
araall materinl aroiind the valve, aa a kind of late between every charge, to prevent the e^pe of 
the eas until il occurred to 0. Coehrene that the arrangement of the matenals in the furnace 
was tlie "boIb eiplanation of the difficulty, and that as, all the material was shot into the oentre of 
the furnace, the Hmall pieces would remain there, wliikl the large would roll to the outHde. 
BeUeving that it was of great importance, in order to secure uniform reeulta, that there Bhoald bo 
a nniforro distribution of the heated gas from the hearth over the entire bonajntal area of th» 
furnace at each stage of its height, he considered that the effect of any mall r^tenal batng 
o obfltnict the paaB^e of the gas at that part, and 




eo prevent that portion of the material from being heated to ita proper degree of temperature. 

Deemiog this to bo the explanation of the irregularitiea eiporienoed m the workmg of the 
fiimace, Cochmne devised a method of diatributing the material so aa to prevent Buoh a result, by 
the introduction of a frustum of a oone D, Pig. 724, siupended inaide the throat of the furnace, 
which waa found to be all that wM ,,, 

necessaiT. The materials then 
arranged themselves in the desired 
manner, aa shown in Fig T!4 and 
the tesidt has sinoe been t, perfect p— 
nniformity in the working of the \^ 
furnace. Where previously ft yield l_ 
of foundry iron fiom the same furnace _ 7 
could not be relied upon for more than 
about 24 hours at a time, and the 
annoyance was incurred of the fur 
nace suddenly changmg to white 
iron, the product on of white iron, 
except when deeired, is now unknown 
A consideration of thcao facts will 
lead to a fair estimate of the import 
ance of the airangemcnt of the ma- 
terials in a blast fumaoe Anything 
that opposes the free passage of the 
BBoending heated ^ at any part of the ftarnace must direct the eu into another ehuuiel, and the 
material thus left msufSoiently acted npon finds its way into the oeMtfa at a low temperature, and 
white iron ia the result. 

The efieet prodnced on the distribution of material by this Internal frustum of a cone is 
obviously similar to that of the ordinary lowering-oone when lowered, ahown in Fig, 723 ; and the 
latter baa now oonsoqueutly been finally adopt^ at the Ormosby Iron Works as the permanent 
Ibrm of the arrangement, and is now being carried out there. 

The most perfect action of a blast furnace C. Cochrane conceives to consist in the development 
of the highest temperature needed for the production of the required quality of iron, in a layer or 
stratum as little removed from the tuyoree as possible; and the gradual absorption of the heat 
from the ascending gas by the materials through which it passes, until it leaves the throat of the 
furnace at the lowest possihle tempeiature. Anything which tends to cause a more perfect 
absorption of the heat developed in the hearth, or to lower the level of the legion of highcsl 
temperature in the famace, will thus be beneficial. 

With regard to the atworption of the heat from the gas, it is obvioos that the hotter the 
temperature at whioh the gas escapes, the more wasteful most be the effect; and theoreticaUy 
the height of a fumaoe should be increased until the temperature of the escapii^ gas is reduced 
to that of the materials on tbeir introduction into the fomaoe-top. This is the theoretical limit to 
the heieht of a blast fumaoe ; but it moat not be forgotten that the less the difference in tempe- 
rature between two bodies, the less rapid is the oommunication of beat from the hotter to the 
cooler ; hence for the absorption of the last few degrees of temperature from the osceuding gas a 
much greater height of material ia necessary than where the gas and the material differ more 
widely in temperature. Already with 50 to 60 ft, height of blast furnace in the Hiddleaborough 
district the tempeiature of the escaping gas does not exceed 500° to 600° Fahr.; and it is a 
question to be answered only by experiment, how far the gain from the heights of 70 to 73 ft. 
already accomplished at Middlcsborough, and further heights of 10 or 20 ft. additional that are 
contemplated, will compensate for the extra work in raising the materials to the additional height 
and for the more substantial plant required. In the direction of height there ia anqneBtionably 
on this aooount a limit which will speedily be attained ; supposing the limit be not previously 
determined by the necessity tor increased pressure of blast and by the increased di^idty in 
woAJng the fumaoes. 

Taking off tA« Waitt Qui from Oper^^epped Blatt Famaat, by Oeorgf Addenbroolr. — We take the 
soeoeediug acoount of this method from the ' Proceedings Inst M. E.' :— Writing in 1865, Adden- 
hrooke oleervee that the utilisation of the waste gas from blast furnaces has now become not only an 
accomplished fact, but a greot commercial snooess, and ooneequently an important part of faruacs 
management. This gas, or rftther mixture of gases, issues in large quantities from all the inter- 
stices between the last charge of materials in the fDrnaoe-throat : and it passes off with such 
rapidity as to prevent a sufficient mixture of air taking plaoe to render it inflammable until it has 
risen to some fittle height above the top of the materiids in the tumaoe-mouth. As soon, tiowever, 



BLAST FURNACE. 367 

as thiB mixture of air takes place, a very considerable portion of the gas is oonsmned, in the 
case of the ordinary open-topped furnaces that do not utilize the waste gas. This combustion 
deyelops a great amount of heat ; and the question therefore arises, how can the waste gas be 
made further useful, without in any way injuring the yield, the working of the furnace, or the 
quality of the iron made ; for if any injury were occasioned in either oi the above respects by 
taking off the waste gas, the utilization of the gas ought certainly not to be attempted. It is 
evident that there must always be an escape of surplus gas from the top of the materials in the 
furnace-throat, from the consideration that the heat in uie lov«r part of the furnace distils off 
the gas from the fuel in the upper part; and this gas, not meeting with a supply of dxygen 
inside the furnace, passes up unconsumed to the furnace-mouth, where, upon mixing with the 
external air, it bums away to waste, unless taken off previously in order to be usefully burnt 
elsewhere. 

The utilization of the waste gas has been extensively carried out in two different modes, each 
capable of being applied and worked in severaL different ways. The one mode is known as the 
Close-top system, and the other as the Open-top system. 

Addenbrooke was of opinion that the waste gas ought to be utilized for the followincf reasons, 
namely, that a furnace would work to better yield where the gas was utilized^ and with gnreater 
regularity as to the quality of iron made ; and that there would be a very considerable saving in 
repairs to hot-blast stoves and boilers by heating these with the waste gas, together with greater 
regularity in the heat and pressure or the blast, because of a more even temperature being 
maintained under the boilers and in the stoves ; while there would ahio be a considerable saving? 
in wages, and the men would be made more regular in charging the furnace. ' 

The principle upon which the waste gas is taken off in the case of the dose-topped furnaces is 
that, by keeping the furnace-top closed, the gas must necessarily pass away through any openings 
which are made for its escape, and may thus be made to travel even to a distance of more than a 

?[uarter of a mile from the furnace, as is done at the Dowlais Iron Works. In the open-topped 
umaoes the idea is that, after the gas has done very nearlv all its work in the furnace, on 
arriving within about 5 ft. of the top of the materials in the furnace-mouth the greater part can 
be drawn off from the furnace by applying a mild suction, and employed to advantage for heating 
purposes elsewhere ; at the same time, as no considerable amount of force is used for drawing off 
the gaa, either by the suction of a chimney or otherwise, all surplus gas generated in the furnace 
beyond the amount drawn off escapes at the open top of the furnace, by passing up through an 
average of 3} ft. denth of charged materials above the point of taking off the gas. 

The open-toppea plans of taking off the waste gas may here be divided into two classes : — 
those taking off the gas at a less depth than 5 ft. below the top of the materials in the furnace- 
throat; ana those taking it off below that level. In the former the gas is taken off with due 
regard to the effect on the vield and working of the furnace ; while in the latter the utilization of 
the gas is made the chief object. 

In order to carry out the utilization of the gas without risk of interfering with the successful 
working of the furnace, it is of very great consequence not to take off the whole of the gas, but to 
leave a certain portion always to escape at the furnace-mouth, so that it may continue the process 
of preparing the newly-charged materials, and begin to dry and warm them immediately upon 
their being charged, and also prevent any downward current of air taking place from the fumace- 
Jtop. 8uoh a downward current of air must necessarily take pl%ce frequently, where the whole of 
the gas IB drawn off; as the chinmey-power requisite for this purpose would be quite sufficient to 
draw down the air through the average depth of 3^ ft. of materials in the furnace-throat above 
the gas-openings, at any time when there was not an ample supply of gas to be drawn off. The 
result would then be that where the ascending gas and the descending air met in the furnace a 
bright flame would be produced, which taking place amongst the fuel must occasion a very serious 
loss, by causing combustion of the fuel before it reaches the part of the furnace where its com- 
bustion is useful ; and it appears doubtful whether fuel thus once lighted would not continue 
smouldering the whole of the way down in the furnace. On the other hand, if the fuel is properly 
covered in the upper part of the furnace by a sufficient depth of materials, so as to be protected 
from the air, Addenbrooke doubts whether it will begin to bum till it reaches the zone of fusion, 
where it then changes from a mere highly-heated state to one of active combustion caused by the 
presence of air supplied from the tuyeres. He believes that in the fact of covering up the fuel, 
without ignition being allowed to take place, lies one of the chief sources of saving in the yield or 
the fuel ; and he considers that it is this alone, in the close-topped furnace, which to a very great 
extent makes up for the loss of yield of fuel that must inevitably result from the use of the close- 
topped system with its consequent badE-pressure. This saving, however, is more than counter- 
balanced by the fact that neither drying nor warming nor any other preparation of the materials 
can be carried on in the close-topped furnace except by the heat of the gas coming up from below. 
Were it not for the back-pressure produced in the furnace by a dosed top, this system would 
doubtless work to a much better yield than the open top ; but the entire prevention by the closed 
top of any drying or warming of the materials taking place until they have descended some 
distance within the fumace ia a serious objection, in G. Addenbrooke*s opinion, to the close-topped 
plan ; whilst, on the other band, in a well-worked open-topped fumace the preparation of the 
materials begins at once upon their being charged. Moreover, there is no way of so regulating 
the driving of a furnace or rate of descent of the materials in the interior as that in every hour the 
fumace shall take the same quantity of blast ; but whenever the steam-pressure happens to rise 
above the average, causing the engine to force more blast into the furnace, or whenever the 
materials happen to lie more open in the furnace, or to be drier, an increased driving of the fumace 
will be occasioned, which will give an increased production of gas to pass off from the fumace. As 
thii larger (quantity of gas has in the dose-topped fumace to pass off through the same openings 
which previously carried off a smaller quantity, the result must be an increase of the back 
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pressixre in the famace ; whereas with an open top the sorpliu gas readily escapes at the month 
of the furnace, without producing any back-pressure inside the furnace. Another objection to the 
closed top is that the pressure coming from the lower part of the furnace will cany off with it 
from the furnace more aust than would be drawn off by suction. 

The reauirement in the utilization of the blast furnace waste gas appears therefore to be an 
open top wnere the fuel can be buried or coyered, without its being ignited to any material extent 
either by the escaping gas, or, worse still, by the gas being drawn off so completely from the fur- 
nace-throat that air is (bawn down alao through the materials, causing a hidden fire to be raging 
beneath the surface of the materials while everything seems to be going on well. Addenbrooke 
states that he has frequently seen the gas drawn off so completely that a man could walk inside 
the mouth of a large furnace while the blast was on ; but experience shows that such a state of 
the fumac^top is altogetner wrong, and if ever it occurs, the main |;as-valve ought at once to be 
closed sufficiently to ensure some gas passing off at the furnace-top, m order to begin the prepara- 
tion of the materials and prevent any downward current of air. 

The level at which the gas is taken off from the furnace is a most important point, as in effect 
Ihe working height of the furnace nearly terminates at the level where the gas is taken off. The 
most satisfactory working that Addenbrooke has known of a blast furnace has been where 
the gas was partially and not wholly taken off, and at a depth of 4 ft. 6 in. below the top of the 
materials. In one case that came imder his experience, one of Darby's bells was used very suc- 
cessfully for a considerable time, taking off the gas at a depth of 4 ft. 6 in. below the top ; but 
when it became necessary to change it, the new bell was inserted to a depth of 5 ft. 6 in., in order 
to give the fillers a little more range of level. This was, however, found to work so mntdi less 
satisfactorily, that it was altered back again to the original depth of 4 ft. 6 in. 

The very great sensitiveness of a furnace to the least lowering of its working heieht is nndoubt ' 
edly the cause of more than one-half of the mottled and white iron that is made where grey forge 
or forge-iron was expected. The change is usually caused by delay in filling, most frequently at 
night, when the men often neglect their work, and allow the furnace to drive, so that the surface 
of the materials is lowered a considerable distance ; and the effect is then observed about three 
casts later by the production of mottled or white iron. The worst consequence of this neglect is that 
the furnace manager then finding -white iron made, probably alters the burden at once in order to 
correct the fault ; and, after charging it up to the next casting time with either less ore or more 
fuel, he probably finds this next cast all right, and therefore alters the burden back again ; but in 
another cast or two comes the iron made from the lighter burden, rather too grey to suit the pur- 
poses it is wanted for. With a closed top there can be no check upon irregularity in filling, day or 
night, except by constantly watching the filling. But in an open-topped furnace, where the gaa 
is taken off through openings not lower than 5 ft. below the top of the materials, if the filling 
were delayed more than half-an-hour, the greater portion of the gas would begin to escape at the 
furnace-mouth instead of being drawn off through the gas-openings, as the surface of the materials 
would be lowered nearly to the level of the gas-openings. The fillers' neglect would then be 
detected by an increased flame from the furnace-mouth, and by the supply of gas to the boilers and 
hot-blast stoves falling short ; and they would be recalled to their duty by the risk of all coming 
to a standstill from stoppage of the blowing engine. 

This great sensitiveness of blast furnaces as to being kept charged full appears to suggest 
strongly the doubt whether the Staffordshire furnaces are now as high as the fuel would allow of 
their being worked profitably ; and whether a gain of yield would not be found to result from 
raising the furnaces. The present height of from 40 to 50 ft. in Staffordshire has been increased 
in the Cleveland district up to 80 ft. and more, and it is considered the limit of height has not yet 
been arrived at in that district. There is no doubt that the Staffordshire fuel would not stand 
any very considerable increase of height, on account of its friability ; but it would at least be 
desirable to ascertain by trial whether some increase of height would not be beneficial. 

The result of the previous inquiries in which Addenbrooke was engaged as to the best mode of 
utilizing the waste gas from blast furnaces was the adoption of the open-topped plan, with Darby's 
tell inserted in the neck of the furnace to a depth of 4 ft. 6 in. below the surface of the materials. 
This plan was applied to two furnaces at Du-laston ; and in carrying it out the special points 
attenaed to were to provide a large gas-main, a large chimney, and large flues to the chimney. 
For this purpose the gas-mains were made 5 ft. diameter, the chimney 10 ft. diameter inside 
throughout, with a height of 160 ft., and the main flues to the chimney very large, 5 ft. high to the 
crown of the arch and 4 ft. 6 in. wide ; and experience has shown that these dmensions are none 
too large. 

The two fomaoes continued at work on this system till September, 1864, when the heavy cost 
of repairs and renewals, with the consequent stoppages and loss in wa^^ led 6. Addenbrooke to 
desima the plan which is shown in Figs. 725 to 731. rig, 725 is an outside elevation of the fumaoo 
to which this system is applied. Fig. 726 is a vertical section of the same furnace, showing the gas- 
openings A A from the furnace into the neck-flue B, and the gas branch-pipe with stop-valve 
for connecting or disconnecting this furnace from the range of gas-main. Fig. 727 is a sectional 
plan of the furnace taken through the gas-openings A A and neck-flue B. Fig. 728 is an enlarged 
section of the furnace-top ; and Figs. 729, 780, 731, show a vertical section^ outside elevation, 
and sectional plan of one of the segmental boxes or gas-openings. 

These gas-openings or boxes are made of cast iron, and ailows of the openings being made so 
wide that their combined area of passage is amply sufficient for the passage of the gas, without 
the depth of the opening being more than 15 in. ; in consequence of which they do not require 
to be inserted lower than about 5 ft. down, and still leave a fair height of 4 ft. above them for 
variation in the level of the top of the materials charged. The boxes are cast very strong, as shown 
in Figs. 729 to 731, and the openings through them are made at such a slope that nothing except 
yery Ught dust can be carried through them by the gas in regular working, unless it be a bit of 
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Bwlwud fhnwtl orer by one of the lUsht exploeioni that oocoaioiiallj take plsM when mit mw 
minenli are used In the fomaoe. The Doxee are placed oloee together aide by aide, k> a* to form 




ifl ring of openingB ronnd the fnmaoB, as shown to the plan, Pig. 727, having the lower 
end of tbs Hlopee opening into the furnace and the upper end opening into the large external 
gaa-flue B, Fig. 728. vhich surronndg the neck of the fnmaee. Theee castingB take the place of 
ao many conraes of lining briekt, and after they have been fixed, the lining fire-bricks are con- 
tinued above them to the 

top of the furnace. Consi- 'if. 

dering their strength and 
■ituation, the castiDgi Bt>- 
pear likely to be Um.>8t 
permanent. A» they 
•taod flush with the face 
.of the lining, the whole 
area of the throat of the 
furnace ia left free for 
charging: and when tlie 
furnace is full, and any 
---"in of the gai passing 



it the 



iBgsipasi 



the 




materials, no damage ce 

be done to the opening! 

or any part of the gas 

apparatus. In case of 

the top of the materials 

sinking below the gsa- 

openings, any dnmage is 

prevented by shutting the 

gu-valve C at once, when the whola of the gas will be borut at the mouth of the fnnwoe, but 

without injiiry oocurnng to any part of the apparatus, as is unavoidably the case with the wrought* 

iron gas-main proceeding from a bell inserteil in the top of the fnmace. 

The large gas-flue B surrounding the neck of the furnace is lined with flre-briok, and is 4 ft* 
S in. high to the crown of the aroh, by 3 ft, mean width. The ontdde of the furnace &om a little 
below the bottom of the flue upwards is cased with wrought-iron plates, to which is fiied a light 
iron gallery D for the conTenience of cletming out the flue B. A series of openings E E are made 
in the outer side of the flue all round, as shown is the olan. Fig. 727, which are closed by pieces 
of boiler-plate, daubed with moistened flr&«lay, and held in their plaMA by crossbars and wedges ; 
by means of these the whole of the neck-fine can be cleaned out in a few minutea anv tims 
that the blast is ofl* the furnace. The bottom of the flue is placed at a lower level Ibsn the bottom 
edge of the gas-openings A A. Fig. 728, in order that the duat carried over with the gas ""7 *^ 
allowed to accumulate to the flue, bo long as it does not interfere with the gai-opcnings. and It can 
be easily cleaned oul when roqiured. Eiperience of the working of this plan of furnace-top provea 
that, from the moreaaed area of the gaa-openinga as compared with other plans, tho gas dnet not 
pasB uevly k> rapidly out of the fomaoe, and, ooiueqneutly, has not the power to carry newly n 
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mtich dnst into the flne. The sectioiul plan. Fig, 737, ahowi that there ue flfteen gaift-opeiiii^ 
A A round the n^ikof the furnace. 23} in. wide and 11} in. hi^b on the aqiuuv, each giving 270 
aq. in. clear openinf;, making a total &rea of 4D50 sq. in. for drawiDo; off the gM ; whereas the siagle 
central opening of the bell of 4 ft. 6 in. diftmeter previouBly worked in the BSJUO furnace, which WM 
' '-^eBiooaldbeoonv^eDtl]riued,gaTesiiueaofonly2290Bq.in.f<«dnwiiigoirUiegaa, 




or onlj SS per cent of the area now obtained with the preaent neck-openinga. Ab the gi 

five B total area of 4050 eq in for the paeaage of the gas, while the deeccnding gas-main auppUed 
J them bemg 4 ft b m diameter has an area of only 2290 eq m the veloci^ of the carrent of 
na through the openiiigi is nec«uarily odIj half what it would be where a bell or oentre openiDg 
la need for drawing off &e gaa, bb in the Inttcr case the gas-opening to the fnnuww cannot be made 
<if larger area than the deacending ga»-main of 4 ft. 6 in. diameter. 

Notwithstanding the temporBry kind of oooHtruction that was adopted for trial in the first fur- 
nace, the gas-openings made with only 2-in. csat-iron plates lasted more than a year, and stood 
some of the severest treatment that a furnace-top can be eiposed to, in consequence of a sort of 
fuel being tried at one time which proved a total failure, and with which the rumace was unable 
to drive at all ; aod conaequently for two days the whole throat was at a ted heat. It was expected 
that when the furnace did drive below where the openings had been, tboy would be found to have 
given way. They had not, however, completely given way in any instance ; and, though the platet 




90 na or flame oonld then mu outtrorda through the openings, u there ma no longer any onrren 
lo draw the heat through the openings. Had a bell been at work in the centre of the fumaM-to] 



below the month of the bell. 
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Aa the gaB-openiitga Me now OMt, m ahowii in Ptgi. 7S9, 7SD, 731, It U Hitidp«tad thej will 
■tuid for man; years. 

Details of Blail Fumae^. — Fig. 732 shotn plan of hearth of blait furnace at Pljmouth Iron 
Works. Fig. 733, plan of hearth of blart ftuoaoe at Rhymnoy Iron Works. Pig. 734, homonlal 
■ectioD thiough hearth at level of tirreiea, ahoning tuyeres Mid pipsa in poaitian, of targe 18 ft 
blaat foiDaoe, Dowlat* Iran Woika. Fig. 735 repraietits »wtional plan of hearth of onpola fomaoa 




at Dovlait. Tip. 7R6 li a vertical lection, and 737 plan of be*rth of Ahen: 



fumaoN, to direct the blMt eiUiw tluoDgb the itovea or at once into the furaaoBs at pleasure. 
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Tigt. 740, 741, ihow b Metion ftnd pko of a cindei-fall, fit whkfc ia A«ed • wranght-inm crane C ; 
a caat-iron plate havrng ita upper edge leirated to faoilitate the lemovat of luge masses of einder : 
a cast-iron ttongh A, about 6 ft. long, to oonTe; the fluid metal from the t«iping-hcile H. to the 
outing-bed or refinery B,B; two tioogba aa aie fixed on the cindei-bed, tot guiding the fluid 
oiudei into the tnba i, 

Variona plana for collfloting fomaoe- 

Ces are shown in Figs. 742 to 746. 
Pig. 743, the cup, which ia b. funnel- 
shaped casting equal in its largest 
diameter to the throat of the furnace 
and 4 or S ft. deep, rests npou the top 
of the furnace b; a flaoge round ita . 
oater edge. The orifice at the bottom 
measures from 3 to 5 ft. in diameter, and 
ia closed by a conical casting, with the 
apex upwards. This casting is sus- 

ended by a chain ftom a lever which 
counterbalanced at tte other end. 
The materials are filled Into the cup, 
and the workmen, by enilable gearing 
affiled to the lever, lower the cone, 
and the material fall into the furnace, 
and the atopper is restored to ita place 
by the counterpoise on the opposite 
end of the lever. 
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oh&iging msterjola. No leduction !□ the working heielit of the fnnutM it oaiued by thu untige- 

ment, but tha titue during which the throat ia open whilo 

the oorer ia being lifted, the matehalB filled in, and until t*V 

it ia again abut close, ia very prejudicial to the quality or 

the gM. It is commonlj itated, saya Tmian. that no gaa 

p«Bae« while tbe Dover ia up; but tbia U an eiror: the 

nine quantity of gaa ia evolved from the furnace whether 

the coTGC be open or closed ; but if it ia otA^n, a large 

Joantity of atmeepboric air also paaaea into the pipes, 
icresaing the bulK of the unprofitable gaaea, and tiiereby 
reducing the beating power or those that are combustfble, 
as well as endangering the app«ntas by oaiuing a great 
increase of temperature in the pipes. 

A third plan, Fig. 742, in use at Mtne mvks Is very 
reedilr applicable to eziatiiig' fniuaoes (1S62). An iron 
cylinder of € or 7 ft. in depth, and 6 or 8 in. amaUer in 
dikmeter ttian the throat, is sunk into the furnace; « 
flange an the top, which rests upon the brickwork inaide 
the tunnel-head, forms a joint and sustains the cylinder. 
The aDDular space between the cylinder and furnace 
underneath the flange and above the materiala forms a 
chamber for the ascent of the gaaes, which are conveyed 
•way through a auitable pipe or tunnel. 

This plan also baa its disadvantages. The duration of the cylinder ia (object to great variation. 
In some coaca It ia burnt down in two or three weeka, and, uiuler more favourable ciroumatanceo. 
•eldoia lasts longer than a few months. The cost ot the cylinder, and the delay and expense 
•tlending its ao frequent renewal, are formidable items in the working oast of this plan (or 
eolleeting gaa. 

This method is slso subject to the diaadvant^ of reducing the working height of the fnmaca. 
rhe cylinder, aaya Tmran, ia kept full of nuteriala, it is tne ; but they receive very little heat 
Trhile they are in it, as the hot gasee exe drawn into the ootaide flue«, and do not enter the 
cylinders. It must be conceded that the capacity, and consequently the smelting power, of the 
furnace la diminished by the space occupied by the cylinder and chamber for eolleeting the gas. 
If the cylinder is immersed 7 ft., one-tenth of the capaeitv of the furnace will be uaelese ao far aa 
the reduction of metal is Mmoemed. The defloiency of smelting power is " till greater with the plan 




Grat deaocibed. 




A fourth plan. Figs. 74S. 746. of oollDcliiig the gnaea is 



le engineer* as the least 



body of the furnace. This plan leaves t e fonn of the throat and the arrangements fbr filling 
nnslteied. Fmm the deac«n<ling direction tnken by the oriflcFa rommunioitinz with the furnace, 
they are not liable to obstmction from the materials, and the supply of gas ia prohibly mora legolar 
than with either of the other phuw. 
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Fig. 747 shows a fzoai view of a einder-fall. A, B, C, Fig. 748, aie monlden* tools. 
Figs. 749 to 753 show ordinary fnmaoe-keepers' tools. 
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OntlinQB of blast-fornaoe interiors naed at Rhymney are shown in Figs. 754, 755. 

Fig. 756 shows the type adopted at Sirhowy ; 757, Bbbw Vale; 758, 759, 760, 761, Dowlais 
Iron Works; 762, Hirwain; 763, Aberamman; 764, Pentyroh; 765, Londore; 766, StaffordBhire ; 
767, Stafford ; 768, Tipton ; 769, 770, Shropshire ; 771, 772, Corbyn's Hall ; 773, Alfreton ; 774, 
Wilkie; 775, Stockton; 776, Kinniel; 777, Dandyran, 778, Muirkirk; 779, Yniscedwyn; 780 
Tstalyfera New Furnace; 781, Ystalyfera Old Fumaoei 782, Abemant; 786, 787, French; 783, 
784, 785, American ; 788, Silesian ; 789, Norwegian ; 790, Belgian ; 791, Prussian ; 792, Baemm ; 
793, 794, Hartz. 

See Blowikg Engines. Fidbnaoes, Ibon. Kilns. Otenb. Poddlinq and Puddling Machinbb. 
Rolling Mills. Squeizebs. Steam-hamiieb. Steel. Tuteee. 
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BLAST-PIPE. Fb., Tuyau de rarefaction; Geb., Zugrohr; Ital., Tubo di acarico. 

Bee Details of Engines. 

BLIND AREA.— The same as an Area-drainy with the addition of cross-walls at intervals, 
nsuallj built to assist the dwarf-wall in supporting the earth at its back. A blind area is inferior 
to an area-drain, as the cross-walls interfere with the 
circulation of the air. 

BLINDING. Fb., Oravier; Geb., Grobe Sand; 
Ital., Intasatura InacAtiamento, 

See BoADS. 

BLOCK. Fb., Pouiie ; Geb., Bhck ; Ital., Oirella ; 
Span., Pol^a, 

See Pullets. Tackle. 

BLOCK OB BLOCKING. Fb., Taquet; Geb., 
EckleiiU ; Ital., Hinforzi, 

Small pieces of wood fitted and glned into the interior angles of two pieces of stuff to strengthen 
the joint See Figs. 795 to 797. 
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BLOCKHOUSE, Fb^ Bloeiiamt; Out., BlocUatu - Itai^ Sidatta Copetio; Btav., Palmi^pic. 

Bee FORTIFICATIOH. 

BLOCKING -COUEBB. Fa, L» Annu (Pwi ixrnicht; Gd., Ciiertr Thml emn KariHtni 

Itm.., Ultimi corn. 

B/och'ng-Ccune. — Ia n»- 
■onrT, ft conise of Btoae pUc«d 

BLOOM. Fh^ Loupt; 
Qkb., Fri3cMuppt; ItAL, ifo*- 
t*llo ; Sfah,, Changote, 

A tiMaa of crude iion from 
the poddliDK (Himace, while 
nnde^Ding the first hammei^ 
ing previous to being rolled, ii 
termed bloom. 

BLOOMING UACHINE. 
Fb, JfocAiM a cinglar; Geo., 
Pirmttri Pmtt; Ital, ifoo 
ekina da far i manelii. 

The blooming mMhinc^ in- 
vented b; Jereimsh Brown, ia 
ebown in Figs. 798, 799, 800. 
It comiats of three large ecoan- 
trio rolls ABC, placed hoti- 
lontally in the atrong holaters 
D D, Uie centree of the rolla 
being arranEed in a, triimgolai 

Gition, and the bottom roll 
ag nearly central between the 
two top roUa A B. These roll* 
•U rotate In the nme direction, 
Mid aro driven hy a centre 
pinion E, working into three 
pimons of equal sIm FFF, 
nsed on the loll-spindlee. In 
the present machine the diiying 
power is applied direct to the 
bottom roll by metuis of the 
large wheel O, for the coU' 
Tenience of cKrmng the main 
■haft under Ibe floor. The rolls 
aro cast solid, with their jour- 
nals like ordinary rolls, and aro 
driven by conpling-bozea and 
■pindles H H. 

The roli-faces are 16 in. 
long, uid tha bottom roll has, 
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&t each end, strong flongea, 8 in. deep, behreea which the two npper toUi work. The otiject of 
these flangea ia to upeet or compreaB the enda of the bloom, an tne iron in elongated dnring the 
operation and the ends are toreed ftgaingt the flanges, which makeB them square and soond. The 
lop roll A ha« a. large hollow in which the puddled ball I jh placed by the poddler; this roll 
carries the hsill roand. aud drops it into the space between the three rolls, as shown in Fig. 793, 
this spftoe being at that moment at its lareeet capacity. 

The three nrojocting pointa K K K of the rolls immediately impioge upon the ball, and oom- 

Eresa it forcibly on three sidea ; and, giving a rotating motion to the ball at the same time, they 
nve a powerful kneadingaction upon the iron, squeezing out the cinder, which falls down each 
aide of the bottom roll. The ipoce between the rolls gradually oonbacts, from the spiral or ocoen- 
trio form of the rolls, and the iron is subjected to an increasing pre«BTU-e, until it is liberated by 
the points L L L, simultaneously passing the bloom M, which falla in the direction of the arrow 
at the same moment that another ball is dtopped in at the top of the machine. The projecting 
teeth on the surface of the rolls assist this action, by seizing liie iron and kneading into it as it 
rntatea ; these teeth gradually diminish in ptojoctioD, the last portion of each roll being plain, 
oonaeqnently the bloom is turned out in a smooth, oompact form. 

The space between the flanges of the bottom roll is widened for a short distanoe beyond the 
point h, for the purpose of allowing the bloom to &U ont readily and admitting the fresh 

In order to prevent the rolls from being broken by any nnnsnal size of ball, the machine is pro- 
vided with two targe triple- threaded screws NN, which bear upon the joomals of one of the top 
rolls B ; a small pinion on the bead of each of these screws works into a large pinion fixed between 
them, which lias a horizontal lever fixed to it, carrying a balance-weight O at the end. This weight 
oaaaes a constant equal pressure of the roll, and, if a ball of extra size be put into the maohina, 
the screws yield by turning back and lifting the weight to the extent required, so that a large ball 
may be worked in the same manner as those of smaUer sizes. 

A continual stream of water mns on to all the journals in the maohine, thus prarenting them 
from heating while the machine is at work. 

BLOWING ENGINB. Fa., Souffitrit , QBlL,GMa3e; Itu^ Maixliina toffiatite ; Sr^., Bo/eioH. 

See ENOnraa, Varieties of. 

BLOWma MACHIKE. Fb., Machim, aoapmta^ OlL, QMitc Maichmi; Itai^ MocMm 



a furnace. 

.The flrst records show blowing cylinders to hare been single-acting, that ia, having the power 
of propelling the blast when the piston was moving in one direction only. Two or more of these 
blowing cylinders appear to have oeen attached to one crank-shaft, worked by a water-wheel, and 
thusatolerablyatoadypressnreof air was obtained. When the gradual improv^nenta of the steam- 
engine and the demand for increased means of manufacture caused it almost entirely to supersede 
all other power, blowing apparatus appears to have been accommodated as mnch as poeaible to the 
steam-engine, so as to afibrd tbe character of engine for the time being the fullest development of 
its power. 

In pursuance of this object, the single-acting atmocpberic engine of Newoomen was attached 
toablo«ingc;linder,wbichpropelled the air from the tipper side M the piston only; and in addition 
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to the water-regahitor, Pig. 801, which 
appears to have been known at an earlier 
date, there was attached a ojiinder, B, 
Fie. S02, now known as the regulating 
tnb, which was eqnal to or larger in 
diameter than the blowing cylinder. In 
this was fitted a piston G, with a rod 
moving in a gnide fixed on the open 
top of tbe regulating tnb, the bottom of 
the latter being close, and having an 
open connection to the main from the 
blowing cylinder. The piston in the tnb 
was loaded at II to the presaure of blast 
required, and In tbe intervals between the discharges of the blowing oylindcr, the descent of the 

Riston in the tub kept up the discharge of air into the wator-rcgolator, which intervened between 
. and the fnmace: thus m effect, as far as possible, making the engine double-acting. To prevent 
the piston being blown out of the regulating tub. a large satety-vidTe wot attachM to Uie top of 
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the rod by a strap, long enough to allow the desired play of the pbton, and short enough to lift 
the safety-Talve, or snorter, as it is usually termed, if the piston at any time exceeded its limits; 
and the number of strokes of the engine was also regulated oy the tub-piston, as to it the cataracts 
were attached. 

When the double-acting engines of Watt were introduced, the regulating tub was stUl retained, 
though not nearly so essential a part of the machine as in the former instance. 

The next change that took place was the general abandonment of the water-regulator, though 
some of these are still at work, or' have been within a few years. The reason for this change was 
the discovery that the air in .summer, already surcharged with moisture, took up an additional 
quantity from passing over the surface of the water in the regulator, and that this was prejudicial 
to the working of the furnaces. 

When the large area of the water-regulator was shut off^ it was then found that the tub was by 
no means such a perfect regulator as it was supposed to be, as the momentum of the engine passed 
too suddenly into the heavy piston of the tub, and, throwing it up much beyond the height due to 
the pressure of the air, caused an irregularity that was even more aggravated by its descent. To 
counteract thisL a spring-beam was placed on the top of the tub, so as gradually to check the 
momentum of the piston ; and this had some effect, but not at all a satisfactory one. 

The next alteration which appears to have suggested itself, was the apphcation of large air- 
ehcanbers, from twelve times to thirty times the area of the blowing cylinder, in which the elasticity 
of the compressed air acted as the regulator of the discharge ; the tub, with its piston, being in 
some cases retained to work the cataracts, and as a teU-tale against the engine-men in case of 
their allowing the steam to slacken and the piston to descend. In other cases the tub was dispensed 
with altogether. 

We now enter upon the last change which took place some thirty years ago, namely, the coup- 
ling of two double-acting engines and double-acting blowing cylinders upon the same crank-shaft 
at right angles, so as to keep up a regular discharge. This effect was in some measure obtained ; 
but an aiiMshamber, or what is equivalent to it, very large mains, was still required to obtain a 
satisfactory result. 

At this point the realized improvements of the blowing engine stop short, leaving it still a large, 
cumbrous, and expensive machine, and not capable of moving through its valves the hiohlt 
ELAsno MEDiuH AIR at a greater rate than the absolutely non-elabtic fluid water is moved 
through an ordinarv pump. Under these circumstances it must be obvious that, after all the 
engineering talent that has been spent on this description of engine, there is still (if the expression 
may be applied) a wide range of discovery open. 

The immediate cause of my attention being attracted to the improvement of the blowing engine, 
says Archibald Slate (to whose paper, read berore the Inst, of Mechanical Engineers, we are indebted 
for the present article), was the difficulty experienced in regulating one of the old construction of 
blowing engine in the latter part of 1848, having at the same time occasion to employ some small 9-in. 
ovlinders £iven by the air of the large blowing engine. These small cylinders, when driving the 
shafting only, sometimes attained a velocity of upwards of 200 revolutions a minute, suggesting the 
idea of the possibility of reversing their motion, and taking in the air in place of blowing it out through 
them ; there was, however, a difficulty in the slide-valve, which did not open and shut fast enou^. 
After some consideration, it was agreed that another cylinder should be prepared, the centre-port 
made much larger, and the slide over-travelled nearly half its stroke in excess, which had the 
desired effect ; a cylinder of 9 in. diameter, and 1 ft. s^ke, having been driven 820 revolutions or 
640 ft. a minute, cUscharging the air, at a pressure of 3} lbs. the square inch, through a tuyere of 
1| in. diameter, or ^th of the area of the blowing piston. This performance was in 1850 more than 
double that of any ordinary engine, the total area of the tuyeres with a 90-in. blowing cylinder 
being, at a pressure of 3^ lbs., about 52 circular in., or ^ih of the area of blowing piston. 

We are all acquainted with the tremor which is felt even in the best form of the large-sized 
engines; but in the experiments at a high velocity with the small-sized cylinders, not the slightest 
jar was felt or noise heard ; it was therefore proposed to increase the speed of the piston in actual 
practice, from 640 to 750 ft. a minute, the length of stroke being 2 ft. in 2)laoe of 1 ft. ; this is some- 
what under the speed of a locomotive piston at 40 miles an hour, which is about 800 ft. a minute, 
so that it was conceived no difficulty could present itself to this. The proposed speed of 750 ft. a 
minute was three times the usual speed of the blowing engines then in use (250 ft. a ndnute). 

The construction of the engine proposed by A. Slate is shown in the accompanying drawings. 
Fig. 804 is a plan, and Fig. 803 an elevation of the engine, showing the pair of steam-cylinders and 




blowing cylinders ; A A are the steam-cylinders, 10 in. diameter and 2 ft. stroke ; B B blowing 
cylinders, 30 in. diameter and 2 ft. stroke, with their pistons G, fixed on the same piston-rods D, 
which are connected to two cranks E, fixed at right angles to each other on the same shaft. The 
slide-valves F of the steam-cylinders are worked by the eccentrics G on the cranked shaft, and the 
cranks H, at the outer ends of the same shaft, work the slide-valves I of the blowing cylinders. 
The oontre-port K pa use s downwards to an external opening for the admission of the air, and the 

2 B 
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diflcharge-ports L L deliver into the pasflagea M on the top of the cylinder, which oommiinioate 
with the air-main N by the cheat O formed between the cylinders. The piston of the blowing 
cylinder is intended to be made without any packing, being a light hollow caat-iron piston turned 
to an easy fit ; and the slide-valTe of the blowing cylinder to haye a paddn^-plate at the back, 
working against the coyer of the valve-box, with a ring of india-rubber inflerted between this plate 
and the back of the valve, to give a little elasticity. 



804. 




It appears that 30 in. diameter is about the most conyenient size for a stroke of 2 ft. ; and as it 
is considered an advantage to have the stroke as short as possible, to increase the regularity of the 
blast, the comparative cost of the different engines which follow has been taken upon this basis, 
■^-in. steam-cylinders and -^in. blowing cylinders being reckoned equal to blow one of our largest 
lumacea, making 160 tons of iron a week, and having a surplus equal to blowing a cupola or 
refinery, as It is generally allowed that such an engine would give at 640 ft. a minute tne same speed 
of piston as in the experiments, very nearly 30 circular in. of tuyere, at a pressure of 3| lbs. to the 
sq. in. The circular inch is used in speaking of the area of tuyere, as the blast that any furnace is 
taking is usually reckoned by simply squaring the diameter of the tuyere, but the pressure is taken 
on the square inch. 

The experiments on which these calculations were founded, having been made in 1849, were 
repeated in 1850, and the results were found to be, as nearly as they could be measured, the same ; 
the blowing cylinder had in the interval been driving the lathes in the pattern-shop, and the slide 
was found perfect. An indicator was applied with a view to test the amount of friction of the air 
in entering the cylinder at the high velocity, and a simple method was adopted of ascertaining this. 
A tuyere was made as large as the inlet-port, and the engine was driven to nearly or ^uite 700 ft. 
a minute, when the gauge showed a pressure of ^ of a lb. to the square in., and as tne friction would 
be the same through the same sized openings at other pressures, it follows that the loss by friction, 
on a pressure of blast of 3^ lbs. the inch, would be -^th or 6f per cent, loss ; as the port in this case 
was ^th of the area, and the port proposed is ^th, it is assumed that the loss would not exceed 
5 per cent, from this cause, or indeed from any other cause, as the friction from propelling the air 
through a given sized tuyere, at a given pressure, must be the same in both cases. 

We extract a description of a set of six blast-engines, made for the East Indian Iron Company, 
from a paper by Edward A. Cowper, read before the Institute of Mechanical Engineers in 1855. 

These engines were made to the plans and under the superintendence of Charles May, the con- 
sisting engineer to the East Indian Iron Company, by James Watt and Co., to the drawings prepared 
by E, A. Cowper. 

The engines are six in number, two pairs of them being intended to blow air at 2 lbs. the 
square in. as a maximum pressure, and the other pair to blow air at 4 lbs. the square in. as a 
maximum pressure. 

Fig. 805 is a side elevation of the engine complete, with crank-ahaft, wheels, and other fittings. 

Fig. 806 is a vertical section through the steam and air cylinders, and their valyes and passages, 
and the' branch air-pipes. 

^ Fig. 807 shows a sectional plan taken through the air-valve, and the air-passages and branch 
air-pipes. 

The general form and construction of the engine is that of a Pedestal or Table Engine ; the air- 
oylinder A stands on a short pedestal, and itself forms the pedestal or table on which the steam- 
cylinder B stands. The foundation-plate is 6 ft. square, and carries a wrought-iron crank-shaft G 
in four plummer-blocks, having two light fly-wheels D D, one on each end of the shaft, and the two 
eccentrics E E for driving the air- valve F, one on each side of the air-cylinder, and the eccentric 6 
for drivii^ the steam-valve H, in the centre. The steam-piston has one piston-rod fixed in a short 
cross-head I at the top, and this cross-head has two other piston-rods, for driving the air-piston, 
which pass down outside the steam-cylinder through stuffing-boxes in the cover of the air-cylinder, 
and are attached to the air-piston. The long cross-head K, taking the connecting-rods to the 
cranks, is attached to the short cross-head by a pin, so as to allow a little freedom in case of unequal 
yiewt ; the guides L L are attached to the steam-cylinder cover. Y is section of air-valve. 
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Th« air-vaJre F is made under Arohlbold State's p«tent. It consiati ot k ling ot orown tsItb 
entiielr endoBing the air-crlioder, and ia not Belf-acting by the preMura of the air in any way, but 
is moved by the pair of eccentric* E Eat the proper timet, ao m to give ample paasage foi the air 





to moTe with the gicateet &«edom, and the TtdTehMraoh* proportion of lap aa to caiue the air to 
be oompre«ed up to the vorkiiig pressnre before It ia dellTeteo, thoe giving the engine no more 
irorh to do than u neoesaary. 

The openings oi paaaagea for the air from the air-oyliuder Ml. 

to the valve are extremely short, and the ban between the 
openiDga are made inclined, bo as to cause a regular wear oa 
the breaa peoking-rini^ which form the mbbing-face of the 
Talve. The body of the air-Talve is msds of thin sheet iron, 
neatly ourred to two tamed cast-iron rings, to which it is well 
secured by a gre*t nmnber of small bolte. These rinss are 
bored out inside to roooiva the brass paoIdng-ringB before 
meationed, which are secored in their places by bolls. There 
are no springs to the brass packing-rings, but they are bored 
cmt to a pernot fit to the ontside of the «r«ylinder, and are 
then ont into eight pieees, and, should any wear take place, 
thej ««n be at once adjusted bj introducing a thin sheet 
of paper behind thMn and screwiog them fast in their plai 

remarlced that this valve is onder totally different circumstances liom any that have hitherto been 
Duda, as it is perfectly in balance, or rather it is suspended freely, altaes np and down a turned 
cylindrical surface, and therefore there is no tendency or power to cause wear under any variation 
in the pressure of the air. The mode in which the two ecoentrica drive the air-valve is by means 
of a Oymbal Bing : that is to aay, there lb a wroaght-tron riog encircling the air-valve and attached 
to it by two pins opposite each other, and the eccentric rods are attached to the ring at two other 
points at right angles with the Qrat ; thus the air-valve is perfectly free. 

The air-cylinder A is 30 in. diameter and 2 ft. 6 in, stroke, and the piston makes 80 strokes a 
minute. The air-piston is packed with bemp-packing, and ha* a ring to screw it down ; the screws 
are so arranged that they can be got at by simply unscrewing smaU plugs in the cylinder-cover, 
when a socket-spanner can be iotroduoed to screw the ring down. The air passes into the air- 

S Under beyond the end of the valve, first at one end and then at the other, and is delivered into 
e hollow part ot the valve, from which it escapes through two light copper branch-pipes H H, 
placed oppodte each other, and having turned joints fitting turned collars fixed on the valve. The 
other ends of the pipe* rest on a suiall surface or shelf prepared for them, and on which they slide 
baokvaidi and forwards about j,th in. These ends of tlie pipes are curved in the same manner as 
the other ends, so that the bees are in one plane, and the air-main. Fig. 805, has the fae«s of its 
biaiwliea surfaced to reoeive them; thus the air is taken eqoallj bom each aid* of the aii-valva. 
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it off tbe alMim jost after 



Tbe Bteam-valve H hna constdenible lap, and ie so proportiooed as U 
llie hBlt-«tnike and have a very free eibaast. 

The boilere are on the Comuh plan, and Kill be chiefly used irith wood aa fupl, and tbe ftmacea 
are made proportionately hirge for thia purpose. The Imilera are fed by a dontey engine entirely 
independent of the blast engine, w that tbey are complete in themselveB, and there u no fear of 
getting short of water whilst the blast eDginee gtand for tapping, at which time indeed tbe boiler 
should always be fed, it only to keep tbe steam down a little. 

The engines having to be traiiHported some distance np tbe eonntry, a limit of weight was given, 
namely, 1 Ion for any one part of the engine; and in accordance with this limitation the total 
weight of a pair of these engines is only 11 tons as compared with 25 tons, tbe weight of an 
ordinary blast engine of equal power : and the weight of the heaviest single piece of an ordinary 
engine is 4i tons as compared with 1 ton, the weiebt of tbe heaviest piece in the new engines. It 
is, therefore, evident that the engine can be moved with the greatest facility; and tbe first pair put 
to work here for trial simply stood on some balla of timber, and a few small bolts through the 
bed-plates were sufHcient to bold them and cause Ihem to work quite steadily; whereaa for 
the ordinary engine a strong building with massive foundations has to be erected. 

The method by which a high speed for blast engines has been attained Is simply tbal of 
moving the air-valvea for the air, having of course very large Valves and passa^Ga, instead 
of letting the air itaelf move the valves. This arrangement at once prevents all blow and jar in the 
working, provided that the lap and lead of the valve are properly proportioned, and allowa of 
the pishiD being driven at a high velocity, and oonseqnently its diameter may be reduced and its 
stroke shortened. This mode of working, combined with the fact of two engines working together 
as a pair with their cranks at right angles, causes such tinifonnity in the flow of the blast that no 
regulator of any kind is needed ; indeed, (he variation is hardly perceptible in a mercury gango 
placed on a very short length of main, whereas the variatioa on the ordinary plan is very ooo- 
siderable. Tbe pair of engines are aminged to blow S600 cub. ft. a minnte, and are n)eeded to 
SO revoluttons a minute, which with 2 ft. 6 in. stroke makes 400 ft. a tuinnte, and this thay do 
with the greatest ease and efflcienoy, owing to tbe exact maimer va which the lap, lead, and area 
_r ^ ^^ ^jg proportiraied. 




Tbe followingaoMnnt of the blowini; engine in use at the Dowlais Iirm Works, is taken from 
paper in the ■ Transactions ot the Institute of Mechanical Engiaeets,' read by Wm. Menelana. 
The blowing engine waa erected in 1651, and is shown in Figs. 808 to 811, Pig. 808 ia a dde 



;. 809 an end elevation. Fig. 8 
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of th« blowing cylituli 
Fig. 811 U K vertical Mctii 
of Bteam-TalTei. The blov- 
ing oylindor ia 1*4 in. in 
diameter, nith a stroke of 
12 ft., muking 20 double 
etrokea « minute, the 
•ore of the blast being 
St Ibi. the equare in. The 
diaehargo - pipe B ii 5 ft. 
diameter, and about 140 jds. 
long, thoa aniwering tba 
purpose of a regulator. The 
area of the entrance aii- 
Tslres is 56 sq. ft., and of the 
delivery air-vatvea 16 iq, ft 
The quantity of air dis- 
charged at the above prea- 
fore ia about 44,000 cnb. ft 
a minute. 

The iteam-oylinder C !■ 
65 in. diameter, and haa ft 
atroke of 13 ft., vith a rteam- 
preuure of 60 Ibg. the square 
In., and working — *- "'" 
horse-power. Thf 
«ut off when the pieton baa 
made about one-third of Ita 
atroke, by 

moD gridiron-valve A 
the beck of the alide-valve 
£, as ahowo enlaiged in 
Fig. SIl; there ia also on 
one aide of the nozzle a 
■mall separate alide-valve B, 
for moving the engine by 
hand when starting. The 
cylinder-porta are 24 in. wide 
by 6 in. long, and the alide- 
valveEhaiBBtrokeof 11 in. 
with |-iu. lap. The engine 
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5 ft. long, containing tliB I 
Of Under C thore are ebqat ' 
in laip^ blocks, BO] 
several tons each. 

The lieam U is cast in two parts, of 
about 16* tons each, the total weight 
upon the beatD-gudgeona being 44 tons ; 
it is 40 ft, 1 in. long, from outside 
centre to outside centre, and is con- 
nected to the crank on the fly-wbeel 
■baft I b; an oak connecting-rod, 
strengthened from end to end bj 
wrought-iron straps. The beam u 
supported bv a wall L occosa the house, 
T It. thick, built of dreased limesloBe 
blooks, to which the pedeatals H are 
fastened down bj twelve screw-bolts 
of 3 in. diameter. The fly-whool 1 is 
22 ft, diameter, and weighs about 

35tODB. 

Eight Cornish boilers are employed 

to sapplf the steam, each 42 ft. long 
and 7 ft, diameter, mode of A-in. best 
Staffbrdshire plates, and bavuig from 
end to end a single 4-ft. tube, in which 
is the flre-givte, 9 ft. long. 

For some time this engine supplied 
blast to eight fumacts cf large aize, 
tarjing trora 16 to 18 ft. aoroes the 
boaiti ; it is now blowing, with three 
other engines of small dimensions, 
twelve furnaces, some of which make 
□pwards of 235 tons of good forge pig- 
' iron a week, the weekly make of thie 
twelve fumaoea being about 2000 tone 
of forge pig-iron. With the exception 
of the cylindeiB, made and fitted at the 
Perran Foundry, Truro, this engine 
and boilers were made at the Dowlais 
Iron Works, and erected aooording to 
the design and under the euperintend- 
enoe of Biamuel Tnuan, the Company's 
engineer. 

Blowing Engirua at Creutol. — 
Schneider and Co's. works at Creusot 
include amongst their plant seven 
blowing enginee, three of these being 
horizontal engines of an old type, and 
the other four direot-ttcting vertical 
engines ; one of these latter ia shown in 
Fig. 812. It will be seen that the blow- 
ing cylinder A, which is lOS^ in. in 
diameter, is placed below the floor of 
the engine-house, the steam-cylinder, 
which is 47i in. diameter, being over- 
head. The two pistons B B are fixed 
on one rod, and their stroke is 6 ft. 
6) in. The piston-rod passes through 
the top of the steam-cylinder, and is 
attached at its upper end to a cross- 
head workingin suitable guides. From 
the cross-head a conngctitig-rod extends 
to the crank-ehaft, the centre of the 
latter being 25 ft. 10] in. above the 
floor of the engine-room, and no less 
than 44 ft, 31 in. above the base of the 

The admission of the steam to, 
and its release htaa, the cylinder ore 
effected by eqailibrium-mfMr vroiked 
by i™n» plac^ on a counter-shaft, which derives its motion from the crank-shaft thrnngh spnr- 
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Thi KirUtM Hill BIowi^ Bvuk, dmgned hj Robot Witwn. 
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The blowing cylinder is fitted with a number of small flap-Talyes, O, O, arranged on each ooTer, 
as shown by Figs. 812, 813. One-half of each ooTer, it will be noticed, is devoted to the inlet, and 
the other half to the deliTery valves. The blast is delivered at a pressure of 6} in. of mercury, or 
rather more than 3 lbs the sq. in., and the quantity delivered is 90 per cent, of that due to the 
capacity of the blowing cylinder. The four engines, which are appropriately named the Bimoun, 
Sirocco, Mistral, and Ouragan, are placed in one engine-house, and they serve to supply blast to 
twelve blast furnaces. 

The Kirklesa Hall Blowing Enginea. — These fine engines were constructed by Naysmith, Wilson 
Company, from the designs of Robert Wilson, for the Wigan Iron and tioal Company. 
Their whole arrangement is shown in Fig. 814. The engine-house is a handsome detached 
structure about 25 yds. long., 60 ft. wide, and 72 ft. high, and is entered by means of a large 
square tower, having an internal spiral staircase, with doors communicating with the several 
galleries in the engine-house. On the top of this tower is placed a balcony, from which an 
extensive view of the surrounding country is obtained. The interior of this tower is entered by a 
flight of stone steps. The first impression on entering the engine-house is one of complete 
astonishment, there being little of the ordinary appearance of an engine-house to be seen. There 
are two handsome iron galleries extending round the whole of the interior ; some feet below the 
first are seen the Inmiense engine-beams, each beam being about 88 ft. Jong, and weighing 
upwards of 20 tons. These beams, notwithstanding their enormous size and weight, move as 
easilv and gently as if they were the merest toys, and this without the usual control of a fly-wheel^ 
which, in this instance, is entirely dispensed vnith. Here we see the beautiful and novel valve 
arrangement by means of which these monster ennnes are worked. When the engines were first 
designed, the valves were intended to be worked by the ^ordinary tappit-motion, because, having 
no rotary motion in any of their parts, the application of any other but this old arrangement was 
considered impracticable ; but, on starting the engines, it was discovered that this motion did not 
allow sufficient latitude to admit of their being worked at the different speeds required to suit the 
varying number of Masi fumaoe$ that might from time to time be in operation. Robert Wilson seeing 
that the engines could not be worked satisfactorily with the old motion, at once applied himself to 
the analyzation of the difficulty, with a view of producing a more efficient arrangement for working 
the engines, and the result of his investigations was the invention of a modification of the Cornish 
valve-gear, which, on being applied, was immediately found to answer most admirably every 
requirement. 

The engine-house contains three pairs of engines, each pair consistixig of one high-prearare 
steam-cylinder, 45 in. diameter; one low-pressure steam-cylinder, 66 in. diameter; and two 
blowing cylinders, each 100 in. diameter — one of the latter being placed about 17 ft. above, and 
directly over each steam-cylinder; the stroke of all these cylinders being 12 ft. : the steam- 
cylinders are worked together by means of the large beams before described, of which there are 
two to each pair of engines. The high-pressure cylinders are placed on the left-hand side of the 
engine-house, and the low-pressure ones on the right-hand side, and are coimected by beams working 
with connecting-rod^ from the cross-heads. The motion which works the valve-gear is on the low- 
pressure side, and is carried across the engine-house beneath the floor, so that by means of one set 
of hand-gear the eight valves of the two cylinders are easily controlled by one man, or worked by 
the engine itself, as may be desired. This, in itself, is considered to be a triumph of mechanical 
skill, and the smoothness of action, the perfect accuracy of every part, and the superior style of 
workmanship and finish of this motion, is of such a character as to attract the attention of even 
the most unprofessional spectator. The six air-cylinders, each weighing upwards of 25 tons, are 
placed upon stone piers, and on a level with the bottom of these cylinders is fixed the second 
gallery, and round tiie tops of them are fixed airy-like but substantial balconies, which are 
reached by means of an iron staircase at each end. These cylinders are fine specimens of ihiglish 
workmanship ; in fact, there are few engineering establishments besides the Bridgewater Foundry 
where such cylinders could have been cast, 
bored, and finished, in the style these are. 

Fan Blast Machines. — These machines are 
very common ; they are used to urge the fire 
of steam boUera^ and at puddling^ re-heating, 
and cupola furnaces, where anthracite is 
burned ; and at cupola furnaces, where coke 
is used for re-meltmg pig iron in foundries. 
Fig. 815 shows a section of a common fan. 
The two sides of the case are. in most in- 
stances, made of cast iron, and held together 
by the screw bolto a, a, a, a. These bolts reach 
through both sides, and their length is Uiere- 
fore equal to the width of the machine, which 
varies from 6 to 20 in. The space between 
the sides is occupied by a strip of sheet iron; 
this strip determines the width of the ma- 
chine^ and reaches all round the fan, forming 
the circular part of the case. The wings of 
Ihe fan, manced 6, 6, 6, 6, are sometimes of 
sheet iron ; they are fastened to iron arms set 
upon the axis, and rotote with it, and they 
occupy a different position in different fans. Some are set radially, others inclined more or less 
tangentially. Some are straight; others have a slight curvature. On the whole, no marked 
oiiTerenoe between the one form of wings and the other results, so far as effect is concerned, if no 
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blimden against the laws of meohanics are made. The fans with ouired and short wings do not 
make so much noise as those vrith straight, radial, and long wings. The opening c, which receives 
the air, to be pressed ont at d, must be of greater or less diameter, according to the size of the fan 
or width of the wings. Broad ferns require such an opening on each side. Small fans, of but 6 or 
8 in. in width, work sufficiently well with one inlet. The diameter of a fan is seldom more than 
8 ft.,^ and from various reasons it can be shown that a larger diameter ia of no advantage. The 
number of revolutions of the axis, or the speed of the wings, is very seldom less than 700 a minute ; 
ttds speed may be considered sufficient for the blast of a blacksmith's forge and small furnaces. 
At large furnaces or cupolas, we frequently find the number of revolutions as many ss 1800 a 
minute. The motion of the axis is generally produced by means of a leather or india-rubber belt, 
and a pulley of from 4 to 6 in. in diameter. 

Among the great variety of forms in which these fans have made their appearance, one, shown 
in Fig. 816, is worthy of notice. The wings of this fan are encased in a separate box ; a wheel is 
thus formed, which rotates in the outer box. 
Fig. 816 shows a horizontal section through 
the axis. The wings are thus connect^ 
and form a closed wheel, in which the air 
is whirled roimd, and thrown out at the 
periphery. The inner case, which revolves 
with the wings, is to be fitted as closely as 
possible to the outer case, at the centre near 
a^OjOja; for no packing can, in this case, 
he applied, and there is a liability of losing 
blast if the two circles do not fit well. 

As the building of this apparatus re- 
ceives much attention in machine shops, 
and as the leading principles involved in 
its construction are very Uttle known, we 
shall designate such points as may be 
deemed of gpreat importance by those who manufacture fieins, which is frequently the lot of the 
iron manumcturer himself. The outward case should be strong and heavv; and the interior 
machinery, which revolves, as light as possible. For this reason it should be made of the best 
wrought iron, or, what is preferable, of steel. Four wings produce quite as much eSed as a greater 
number. It is, therefore, useless to exceed that number. Tlie greatest attention must be paid to 
the gudgeons and pans ; it is advisable to make both of steel, or, better still, to run the two ends 
of the shaft in steel points. The wings are to be exactly at equal distances, and of equal weight ; 
otherwise the strongest case will be shaken. The surface of each of the wings should be at least 
twice as large as the opening of the nozzle at the blowpipe. 

The pressure of the blast from a fan is proportional to the square of the speed of the wings, 
with a given diameter of the fan. The pressure gains simply in the ratio of the aiameter, or speed, 
provided there is the same number of revolutions. The increase of speed is in the ratio of the 
uorease of the radius. The pressure in the blast is produced by centrifugal force. The atoms 
of air, after being whirled round by the wings, are thrown out at their periphery by a force 
equal to the centrifugal force resulting from the speed of the wings. This cenUifugal force may 

be simply expressed by - — ; c is the speed in fe»et per second ; g the speed of gravitation in the 

first second ; and r the radius of the fan. According to this, the effects of a fan ought to be far 
greater than tiiey actually are; therofore a remarkable loss of power must take place in these 
machines. It is thus very clear that the increase of diameter augments the effect of the machine 
in a numerical proportion, while an increase of revolutions adds to the effect in the proportion of 
the square. It is also very clear that an increased diameter greatly increases the friction, while 
the increase of speed does not augment it in the least. The friction, in these machines, is the 
greatest objection to their use ; therefore the movable parts should be as light as possible. Frio- 
tion increases in the ratio of the weight, where the materials are the same, but not with an 
augmentation of speed, at least, not in the same ratio. From practical observation, the following 
formula has been deduced, in which a is the speed of the fan, that is to say, it represents the 
number of feet which the wings make in a second ; 6, the surface of the nozzle ; c, the surface 
of a wing ; and d, the velocity of the escaping blast. This formula we conceive to be the proper 
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Gwynne and Go.'s improved combined steam gas-exhauster and air-blower, shown in Figs. 817 
to 821, is a design of one constructed to pass from 10,000 to 12,000 cub. ft. an hour ; but these 
exhausters can be constructed to any capacity that may be required. On Figs. 817 to 821, B is 
the case, G the spindle, D the bed-plate, E suction-pipe, F discnar^e-pipe, G standard for engine, 
H H slides to piston, I steam-cylinaer, K slide-jacket, L disc, M piston-rod, N connecting-rod, O 
eccentric-rod, P steam exhaust-pipe. 

This blower is composed of an outer casing or cylinder B, fitted with top and bottom plates, one 
of which plates is constructed with a stuffing-box and gland!, through which passes the spindle G. 
on which is firmly fixed an inner cylinder, dotted in the figures. This inner cylinder is slotted 
througii the centre, which slot is fitted with two sliding plates or pistons made air-tight to the slots 
and working air-tight against the inner periphery of the outer cylinder. 

The two cylinders, as shown in the figures, are set eccentrically to each other, so that the bottom 
of the inner cylinder touches the bottom of the outer cylinder. 
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When the spindle G is set in motion by the steam-engine or other method, as may be arranged, 
the dides continue to pass in and ontj and thereby take up the air or gas which enters through the 
pipe E and is expelled through the pipe F. 

The machine is fixed to a firm cast-iron bed-plate, so as to be perfectly portable ; and combining 
in itself its own motive-power, it requires little or no foundation. 

These blowers have been applied most sucoeasfully to gas-works and mining purposes, and may 
be constructed to work up to considerable pressure, if required. One of these exhausters is being 
▼ery successfully worked oy the Llanelly Gas Company. 

Figs. 817, 818, 819, show the above-specified arrangement. 

Figs. 820, 821, illustrate an arrangement to be driven by a strap or by hand-power. 
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BLOW-OFF COCK. Fr., Mobinet de vidange ; Gbb., AuAlashahn ; Ital., Chiave di sfogo. 

See Details of Engines. 

BLOWPIPE. Fb., Chalumeau; Geb^ LStkrohr ; Ital., Tubo ferrumifUorio ; Span., 
Canutiilo, 

See AssATiNO. Oxy-htdbooeh Blowpipe. 

BOARD. Fb., Planche ; Geb., Brett ; Ital., Tavoia ; Span., Tabla, 

Boards or piece. — Timber cut into thin slabs less than 2\ in. in thickness and more than 4 in. 
wide are called boards. The term is usually applied to fir and elm, while the same thickness of 
oak, mahogany, and so on, is generally called plank. 

Boards cut from 7-in. stuff are called batten-boards, from 9-in. stuff deal-boarda, ' ^^ 

and from 114n. stuff plank-boards. tflrtHH 

Fir boards 1} in. thick are called whole deal, and those which are full half-an- 
inch thick are called slit deal. Boards, Fig. 822, which are thinner on one edge than the other 
are called feather-edge boards. 

BOABD AND BRACE WORK. Fb., Lier rempanon avec VarHier; Qbb., VerUndung der 
HaJbsparren mit den Walmsparren ; Ital., Commettitura a oanale e tavota aottile. 

This work consists, Fi^. 82S, of boards with 323. 

grooved edges, into which thmner boards are inserted. 

BOARDING. Fb., PlancMiage; Gkb., Bretter- 
veracfUag, Bretterwand ; Ital., TawUato, 

Boarding, — This is a general term for Tarions 
kinds of work to which boards are applied, as gutter- 
boarding^ Bhte-boardingj weather-hoarding, aound-boarding, and so on. 

BOARDING -JOISTS. Fb., Soliveaux; GsB., Dielenhger^ PoUterhdz; Ital., Travi del 
palco. 

See J018T8. 

BOASTING. Fb., Ebaucher ; Geb., Boh-Belumen ; Ital., Sboxxare, 

Boaatingy in stone-cntting, is paring the stone with a broad chisel and mallet, so as to leave 
regular marks like ribbands or small chequers. It is also applied to a margin-draught round the 
edges of the stone in hammer-dressed work. 

BODY-PLAN. Fb., Section vertioale; Geb., Spantenrisz ; Ital., Proiettums verticale. 

In ship-building, the body-plan. Fig. 824, is desoriptiTe of the largest vertical and athwart- 
ahip section of a ship. This plan fixes by orthographic projection the heights and widths of the 
principal lines of a ship. 

The orthographic projection is that projection which is made by drawing lines from every point 
to be projeotcMl perpendicular to the plane of projection. 

A horizontal line supposed to be drawn about a ship's bottom at the surface of the water is 
called the voater-line^ which is higher or lower according to the depth of water necessary to float 
the vessel ; light water-line, the lowest water-line, or that of a vessel when unloaded ; load water- 
line, the highest water-line, or that of a loaded vessel. 

The sheer-plan is an orthographic projection of the lines of a ship on a vertical longitudinal 
plane passing through the middle line of the vessel. 

Body-plan^ sheer-plan, and half -breadth plan, are on sectional planes supposed to pass through, at 
right angles to each other, the largest portions of the principal dimensions of the w^ip. The half- 
breadth plan is descriptive of half the widest and longest level section in the ship. This plane is 
a horizontal one passing through the length of the ship at the height of the gr^test breadth. On 
this plane the position of any point in the vessel may be fixed by orthographic projection, as to 
width and length. The three planes on which the projections are established are rectangular 
co-ordinate planes passing through the centre of the vessel; the three perpendicular lines whidi 
transfer any given point to each of these planes are termed the oo-ordinates of that point. Naval 
architects, John Scott Russell excepted, lay down the lines of a ship on the three co-ordinate planes 
by a good old rule, called the rule-of-thumb, which has not aa yet been submitted to mathematical 
investigation. 

In passing, it may be necessary to remark that one naval architect, J. W. Griffiths, works from 
a model which he whittles out of a piece of soft wood, by the good old rule before named. Upon 
this system Griffiths has written a large work. 

Scott Russell lays down the lines of a ship by well-defined laws, which he establishes by 
abstract reasoning and experiment. 

Russell is a great performer as well as a great thinker ; he stands out in bold relief from 
among the great men of the extraordinary time in which we live. We g^ve from his great work on 
Naval Architecture his method of laying down the lines of a ship, on what he terms the oompowid 
wave-principle, Scott Russell says : — 

I will begin by taking the easiest problem which can ever be submitted to the constructor of 
a ship. I will suppose a case, which very frequently occurs in practice, that a certain length 
of ship is to be built — a certain breadth is given — a certain deepest draught of water and a 
certain lightest draught of water, and that these are about the ordinary proportions of a ship ; — 
that no particular weight is to be carried, or work to be done, beyond sailing well, or steaming at 
a moderate speed, and that the purpose to be served is a fair, common mercantile trade, such as 
ordinary vessels will moderately well perform;— and I will take for granted that the owner 
expects from the naval architect, what he may reasonably expect from a man of science and skUl, 
that his vessel will be somewhat faster, easier, safer, and more economical, and therefore some- 
what more valuable, than a vessel built, without design or calculation, by an unskilled man. 
This is a task of the most ordinary kind to the naval architect. 

There are two ways in which he may set about building his vessel : he may either take the 
model of the vessel, which is already the best that has been applied to the trade in question, and 
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improve upon her ; or he may at once throw all precedent overboard, and give his employer an 
entirely new design. The undertaking then will speedily shape itself as follows : — ^Uis extreme 
length and extreme breadth being given, he may aetermine a midship section, such as will give 
him the requisite carrying-power, with good sea-going qualities. Next, he will determine a 
water-line, which will give the highest speed and least resistance of which that length admits ; 
or he may decide to fit her for a given speed only, and adopt a water-line of greater capacity fit 
for that slower speed. Thirdly, he will adopt a convenient form of deck, for the use and navi- 

Sation of the ship; and on these principal points he will fill in, what I will call *'a skeleton 
esign," and frame an approximate calcumtion of the qualities of the ship, which we will also call 
** the skeleton calculation." 

To Construct the Midship Section, — It is in the choice of midship section that the naval architect 
is left free to exercise, with the greatest liberty, his own absolute judgment. In the water-line 
he has little or no choice ; Nature has fixed that for him. If he meddle with it, he shows his 
ignorance or presumption, and Nature sends her due punishment, by irefusing to desl kindly with 
the spoilt water-line ; but the midship section he may vary to his heart*s content. He may give 
the snip every sort of quality by choosing it ill or well; and with a given water-line he may 
produce all sorts of ships. 

To illustrate this latitude of choice, and to follow out the consequences which arise from each 
kind of choice, I will take three midship sections, and carry them through all the stages of design 
to their ultimate consequence ; and I will further suppose it necessary that they should all have 
the greatest speed the length will allow. 

The first of these sections is to carry extremely little cargo, to have little room, but to go as 
fast as she can be made to go with all the sail and steam-power she can carry. These are the 
practical conditions of the yacht or the cruiser, the opium clipper or the privateer. What such a 
vessel requires can readily be contrived, for the conditions given tnake the midship section, and 
leave very little to the choice of the constructor. Such a ship must be all shoulder and keel, 
and nothing else; — she will be like a racehorse, lanky and leggy: by being all shoulder, with 
very little under-water body to carry, she will possess uie maximum of power with the minimum 
of weight ; — her fault will be, that she must have an enormous keel, to prevent her from going to 
leeward ; and this great mass of dead wood, or of solid iron keel, exposes a large «nrface to the 
adhesion and friction of the water. Nevertheless, it is the form of greatest power with least 
weight. The bottom of this midship section may be formed in two ways, — it mav either be made 
elliptical, to have a minimum of skin for adhesion, and be reconciled to this deep keel by two 
hollow curves ; or it may be reconciled to the keel by a lonff wedge-bottom. I prefer the elliptical 
bottom for iron ships ; but the other, or peg-top shape, has been much used in wooden ones. 
See ¥ip. 824, 825, 826. 

I will next suppose that the capacity, thus got, is too small for carrying remunerative caigo^ 
and that a cargo hold, of a capacity more usual with mercantile vessels, is required ; in that case 
I keep the same shoulders, and give a larger under-water body. See Figs. 827, 828, 829. 

I will now take a third design. The ship is to carry as much as is not inconsistent with good 
sea-going qualities; and she is to have room, also, for boilers and machinervof considerable power. 
This requires her sides to be nearly upright her bottom dead flat amidships, with only so much 
off her bilges as will not be inconsistent witn what she is to receive inside. This the form and 
arrangement of her boilers and machinery will generallv determine, and the boilers and machinery 
in such a vessel should be treated as ballast, and kept low. See Figs. 880, 831, 832. 

In regard to these three midship sections, it is to be noticed, that they are prescribed in some 
measure oy the uses of the ship; but the forms I have mentioned come entirely from the judgment 
of the constructor, and whether they have been wisely or injudiciously selected, must be judged of 
after the calculations have been made of the various qualities to which they give rise. 

But there are one or two points which occur to a constructor, at the first glance at these forms 
of under-water body. It is plain, the first is easiest, and the last hardest, to drive. It would 
require much more sail to drive the two last, than tlie first ; and it is equally plain, that the first 
is much better able to carry sail than the last. The area of midship section of under-water 
body is the thing to be driven ; the area of the sail is the driving-power : but the power of the 
shoulders to carry the sail upright limits the quantity of sail the ship can carry. The bulk 
of the under-water body brings with it two evils,— resistance to being driven through the water, 
and under-water buoyancy tending to upset the ship. 

It is plain, from these considerations, that the first shape is suited for a fast ship imder sail 
alone, the last is suited for a fast ship under steam alone, and the middle form may do for a 
moderate quantity of both— for what is called **the mixed system." 

Of these three vessels we may also form the following augury, before proceeding to precise calcu- 
lation. The first ship may be powerful, weatherly, lively, and fast. The last vessel may be tender, 
easy, sluggish, and roomy. By a proper mixture, we may obtain, in the intermediate vessel, any 
compromise among these qualities for which we have a fancy. In this choice there is ample 
room for the display of skill and the exercise of judgment; but it will be fijrst necessary to 
oomj^ete our skeleton design and our trial calculations. 

We have said nothing as yet about the parts of midship section above water ; but it will be 
noticed, that these grow naturally out of the form adopted under water; and it will be observed, 
that we have proportioned the above-water body to the under-water body. The object of this is 
to give adequate lifting-power in a sea-way, in proportion to the heavier under-water body : but 
of this we shall have more to say. 

In three designs, the midship section (so-called) is far from being actually amidships, being 
placed at the point of greatest oreadth, or nearer the stem than the bow, in the proportioa (? 
4 to 6. 
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7b Construct iha Chief Waier4ine. — Fpr the side-view of a ship, or vertical section, draw a 
horizontal line, representing her whole length at the main water-line, and erect at the ends of it 
two perpendionlus. This line I shall call henceforth the length of the ship, the Ungth between the 
perpendicularSj or the construction length. These peipendioulars, also, are to be ruling elements of 
oonstmotion, and will be called the perpendiculars. Divide the length between the perpendiculars 
into ten equal parts ; take four of tbese abaft for the length of the run, and six of these forward 
for the length of the entrance. Describe a semicircle on each half of the chief breadth. Divide 
the length of entrance and this semicircle ^to any. the same number, of eoual parts ; the distance 
of the water-line from the centre-line, opposite eacn division in length of the entrance, will be the 
distance of each corresponding division of the semicircle from the same centre-line, and a line 
through all the points tnus foimd will be the true wave water-line of the bow. The water-line of 
the run will be Querent from this in one respect only, — it will be necessary to draw parallel lines 
to the centre-line through each of these divisions of the semicircle, which it may be convenient to 
call the semicircle of construction, as shown in Figs. 826, 829, 832. On each of these lines points 
may be found, just as if it were a bow-line. These lines must be prolonged aft beyond the points 
thus found to a distance eoual to that part of the line intercepted Mtween the semieirale of 
construction and the main oreadth. The last-found points in the parallel lines give the line 
of main breadth. 

Thus we have formed the chief water-line of the bow and of the stem, or the lines of entrance 
and of run for the greatest speed which the given length will admit. The lines thus given are 
absolute, and will admit of no deviation without some loss. Nevertheless, some modinoation in 
the application of these lines may be admitted as expedient, and one of them is obvious. It will 
be seen that the point of tiie bow is so extremely sharp, that it would be in continual danger of 
cutting everything whidi it touched, and, being as fine as a razor, would run risk of being crushed 
by rough usage. The stem also, for the rough work of a ship, must be of a considerable thickness ; 
and the practical question at once arises: How shall we i^ter the line at the bow to get this 
thickness ? Shall we out the fine part off, and diorten the vessel ? To this the answer is, that if 
you do, the vessel will have become too short for the length settled. The way I use, is to draw 
the bow to a few feet longer than I intend to retain, and wen to out off the excessive len^ of 
this water-Une to the exact length that I want to keep. I thus find a thickness of a few mches 
remaining between the two sides of the water-line, which is just thick enough for the materials of 
the stem : by this means I get the extreme length I require, and I also get the strength of stem, 
which is necessary for durability and bad usage ; and it will be noticed that the bow, which I thus 
gain, is of slighUy greater capacity than the first attenuated line. This I call, therefore, the 
corrected toater^ine of the bow. No such adjustment is necessary at the stem : it is enough there to 
insert the stem-post, simply by increasing the breadth between the lines to admit the thickness of 
the stom-post, — a deviation insufficient to cause a sensible difference in the perfQraaAnce of the 
■hip. 

There is another modification of these water-lines of the fore-and-after bodies, which may 
require further consideration. We have put both entrance and run in the same plane, with the 
intention of leaving them so in the construction of the ship ; but this is only our first intention, 
and we must be prepared afterwards, on good reason shown, to change it. The main water-line 
may require to go lower or higher in the vessel than we now propose, and the after-part of it may 
have to go higher or lower than the fore-part, in order to gain some advantage ; but we shall effect 
this change, if necessary, without in any way altering the character of the line already drawn : 
we shall oxily alter the height at which it should m placed, and that we shall not do unless 
required. 

7%« Sheer-plan, — ^This gives the entire outline of the ship, as wo look at her sideways, Figs. 825, 
828, 831. The top line, or uppejr boundary, is the line of her deck or bulwark, or, in short, the 
top of the ship, which must be laid down in order to construct the chief buttock-line in section (4) ; 
the bottom is tiie line of her keel ; the front is the line of her stem, or cutwater ; and the after-part 
is the line of her stem-post. 

I begin with the stem. I make that line follow the form of the chief buttock-line, and 
gradually grow out of it. This ought to be so, because buttock-lines bound equal thicknesses of 
&e ship, and a stem is merely a thin slice of the ship, and therefore follows one of the buttock- 
lines. As a matter of beauty and of reason, therefore, it must be made a buttock-line, in order 
that its outline may harmonize with the general form. 

The form of the stem, therefore, will depend on the decision taken with regard to the deck-line 
and the buttock-line. K the deck-line be kept well aft, so that the main buttock-Une tumbles 
home, the stem above the water will be curvea backwards, and so be in unison with the tumble- 
home bow ; and it will be the contrary, if the fashionable dipper-bow be adopted. Above the 
water, however, the mere form of the stem itself is a matter, to some considerable extent, of taste 
or fancy. If the general character of the bow give good buttock-lines, it will not much matter 
whether the stem to which they are joined curve out or in, except that it will be always more 
comely that the stem diould harmonize with the character of the bow, of which it forms a 
conspicuous outline. Men who hesitate to give it a decided chiuacter, express their imbecility by 
leaving it perpendicular. 

Bdow the water, on the contrary, the form of the bow is of the greatest practical value. It 
has lon^ been usual in this country to carry the stem down to an angle with the keel, to continue 
the keel far forward to meet the stem, and so form what is oedled the fore-foot of the ship, giving it 
a great gripe, or hold, of the water. This gripe and fore-foot have every bad quality, — being weak 
in structure, and making the vessel hard to steer. I ^stematically cut it all o^ following the 
shape of the other buttock-lines; and, further, I carry this rounding a great way back, — perhaps 
to one-sixth of the whole length of the ship. By this I not only HiminiRh the fore^gripe and ease 
the steerage, but I keep the stem and the fore-foot out of harm's way ; and I have often known 
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thifl both to save tepBin and to oontribnte to the safety of the ship. When turning lonnd in 
narrow channels, when steering in intricate or shallow waters, or performing evolutions under 
difficult circumstances, the fact that there is no thin, protruding part near the bottom, to touch or 
strike the ground, to be broken off, or to impede or alter the movement or direction of the ship, is 
often of the very nighest consequence. By a gentle curve at the stem, ther^ore, I keep the fore- 
keel and the fore-foot out of harm's way ; and I generally do the same at the stem, where dead 
wood can be spared. By curving the after-part of the keel upwards, like the stem, we may often 
save both keel and rudder, and we certainly facilitate the ship's coming round. Of course it is 
done to a much less extent at the stem, as several feet of gripe at the bow will oorrei^nd with a 
few inched of trim by the stem. 

But, while I thus curve the keel and fore-foot, I keep the whole central part of the keel 
perfectly straight, but for no other purpose than to be able to support the middle of the ship on 
olooks in the dock. This is an obvious necessity, for otherwise the keel would rest only on points, 
instead of being uniformly supported ; and in the dock it is rather an advantage than other¥rise, 
that the two ends of the Adp snould not be home by the blocks, unless they should require apedal 
repairs, for which purpose they must be propped up when needful. 

We have as yet said nothm^ about the inclination of the keel. It is not necessary that it 
should be parallel to the water-lme, except where there is a narrow limit to the extreme draught 
of water, in which case the keel should be parallel to the load water-line : in most other cases it 
should incline downwards at the stem, so as to draw more water abaft than forward. In the case 
of screw-steamers of large power, it is imperative to have this draught, in order to get the screw 
sufficiently large and sufficiently under water for effective power; and further, it is convenient, in 
sailing vessels, to be able to carry a large sail area on the after^part of the ship, for which greater 
depth of keel aft than forward affords the necessary facility. It is convenient frequently, for the 
same purposes, that a vessel, when light, should draw very much more water aft than forward, and 
that her lading should bring her down gradually to even keel. It is usual to call this ereater 
draught aft tlmn forward, technically, tKe difference of the ship; and it is reckoned a main element 
in her trim. 

Another element in the sheer-plan is the rake of the stem-post, and this also is a matter in which 
ereat licence can be allowed to the constructor, as it affords him great resources, out of which to 
further the uses of his ship. He may -either plant his stern-post straight np and down, so as 
to miJce the rudder pivot fairly ; or he mav throw the head of the rudder hack oehind the perpen- 
dicular, at an angle ; or he may throw the heel of the rudder forward of the perpendicular : indeed, 
he may me^e the line of the rudder cross the perpendicular at any angle he may choose. In the 
first case, he will maintain the balance of his original draught. In the second case, he will extend 
the dead wood and increase the lateral resistance of the ship to leewardliness. In the third case, 
he will diminish the lateral resistance, but increase handiness. In every intermediate degree 
between these two, he will gain one of these qualities at the sacrifice of the other. 

The effect of this inclination on the rudder itself must not, however, be forgotten. The incli- 
nation of a rudder increases its power to turn the ship, but it also increases the resistance which 
the application of rudder oflbrs in every degree to the progress of the ship through the water. The 
action of the rudder, as has been already stated, is of the nature of a hindrance to one side of the 
ship, so as to allow the other side to go forward with greater speed, and thus turning the ship; 
but the inclination of the rudder-post has a double effect, by which, when the radder is held over, 
not only is one side of the ship hindered, but a certain quantity of the water which strikes the 
rudder is diverted upwards as well as to one side. Nevertheless I have no hesitation in recom- 
mending a certain amount of rake of stern-post to^be given where very great power of rudder 
is wanted. 

Next after rake of stem-post comes the question of rake of counter and rake oi stem. I am 
in the habit of allowing the outtock-lines to decide for themselves the rake of the counter, so that 
when the stem is deep in the water the coimter may be a continuation of the true form of the ship 
and of her lines. A good counter of this sort will, therefore, help the ship, instead of hindering 
it, especially when the stem happens to be buried in the waves. As to rake of stem, I am not sure 
that that is more than matter of fancy : excepting for convenience, it is better that the stem 
should rake outwards, than that it should tumble home ; and even the Americans, who have 
extremely small stems, always give them some rake. 

We have not yet done with the sheer-plan. The upper bounding-plan, or that which appears 
to the eye to finish the ship above, is called the sKeer-lme This also has been called matter of 
taste merely ; but some points of it have more or less reason. It is a matter of fact that, in looking 
, at a ship the upper bounding-line of which is perfectly level, she is apt to have the appearance, 
contrary to the touth, of being rounded down, — that is to say, with a hump in the miaale and a 
droop at the ends ; and this is universally agreed to be so ugly, that considerable spring at the bow, 
and somewhat less spring at the stem, are necessary to counteract it. From experience one may 
say, that in a vessel 200 ft. long it reauires about 2 ft. of rise at the bow and 8 in. at the stem to make 
her seem straight, and as matter of oeauty and custom this is generally exceeded. 

So much for the quantity of sheer, or spring, to be given fore and aft. The quality of it depends 
on the exact curve which may be adopted for the sheer. I adopt a parabola as the sheer-curve, 
and proceed as follows. Dividing the vessel into ten equal parts, six forward and four abaft, I rise 
forward successively 1, 4, 9, 16, 25, and 86 in. ; and abaft, i, 2, 4}, and 8 in. This gives a total 
spring of 8 ft. forward and of 8 in. aft, and makes the bow 28 in. higher out of the water than 
the stem. This proportion will serve very well from 200 ft. long up to 700 ft., as the larger vessel 
does not require an increasing spring; but for smaller vessels than 200 ft. these quantities would 
be in excess. Nevertheless it is to be observed that, even in very small vessels, especially when 
low on the water, a considerable sprina^ forward is useful to keep them dry. I am, therefore, of 
opinion that there would not be much harm in extending my proportions, given above, to a con- 
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siderably smaller size of Tenel than I have stated. Howeyer, it is not a matter on which there is 
anything dogmatic to be said. 

The sheer-line is important in its structure thus far, that it is usual to make the planking of 
the upper part of the ship, the line of ports, and the lines of the decks, follow the line of sheer : 
I say, imuxl ; but I have found it very conyenient and useful to deyiate from this practice, and to 
make the decks follow any line that may be conyenient for the internal arrangements. For 
example : — where I haye wanted to obtain a large and rcx)my forecastle without deforming the 
yessef by raising this forecastle aboye the bulwarks, I haye obtained it by running the line of the 
deck straight forward on the leyel, and so following the leyel of the wafer-line, instead of the sheer 
of the bulwark. In this way, the height of the top of the bulwark aboye the deck, which amidships 
might be 5 ft., might become 8 ft. at the stem ; and I am not aware of any practical iuconyenience 
arising from this, which is not much more than compensated by strength and.usefulness. 

To Construct the Chief Vertical Longitudinal Section^ or Buttock4ine, — In the construction of this 
line there is much room for judgment ; for, although it can hardly be said to possess such remark- 
able properties of its own as the water-line and midship section, it has the power of either increasing 
the gooa qualities or aggrayating the eyils which the ship will deriye from those two primary lines. 
It is only secondary in importance to these; because by its means all the possible good springing 
from the others may be fayourably deyeloped, marrecf, or neutralized. It happens also that this 
has not heretofore receiyed the attention and study it deseryes ; in most designs it is not eyen to 
be found. In my belief, its good qualities tend materially to the ease, dryness, comfort, and safety 
of seergoing ships. Inland and fresh-water ships may perhaps neglect it with impunity ; but a 
practised eye can detect in the faults of this line almost instantaneoiuriy the bad sea-going qualities 
of a defectiye design. 

I place ihe chief buttock-line in a yertical plane parallel to the plane of the keel and the perpen- 
diculars, or central plane of the ship, and at one-fourth of her breadth from this plane on both sides. 

In ordinary ships this line will be found to be of a most yariable, yague, and nondescript character. 
I haye adopted for it the yertical line of a sea-waye, and I belieye that its conformity to that shape 
has eyerything to do with the ease of the yessel at sea. The yertical section of the common sea-waye 
is the common cycloid. This must be elongated for a long, low yessel, and compressed for a short 
one. Three points through which it must pass haye already been determined by the midship 
section, and by the water-line ; because, as this line is distant from the centre one-fourth part of 
the breadth, it must cross those throe lines where they cross this .yertical plane. 

These three are, howeyer, the only points which oo not admit of free choice; and it remains a 
part of the skill of the constructor to adopt such a cycloid as may consist with his general design 
and with the use of the ship. Each of the three midship sections, Figs. 824, 827, 830, which I haye 
giyen, places the bottom of the buttock-line at a diflbrent depth unoer the water, and each of the 
three requires a different cydoidal line to fit it. The nature of this cycloidal line has been for a 
few centuries known to mathematicians and phUoeophers as the only line in which a pendulum can 
so swing that its yibrations, whateyer their extent, shall be equal-timed. It happens that there is 
a remancable analogy, as we haye already seen, between the swing of a pendulum and the roll of 
a ship ; there is an equally strong resemblance between the forces which exist in a waye and the 
forces whidi act on a pendulum : the mathematics of a waye and the mathematics of a cycloidal 
pendulum are nearly identical. 

When therefore, says Bussell, Idisooyered that the forces which replace the water in the run of 
a ship are of the same nature as the forces actuating a wind-waye at sea in the yertical position, I 
naturally found in this disooyery a key to the yertical lines of the after-body of a ship : andl contriyed 
the yertical lines of the fore-body, in the belief that wind-wayes coming into collision with a body 
already perfectly fitted to the form which they themselyes take in undulating, unresisted, free 
motion, would not be broken, but would haye free way, and that they glide as smoothly oyer the 
face of a solid cycloid as the layers of the same waye glide oyer She another. On putting the 

auestion to the wayes themselyes, they decided that it was so, and a yertical cycloid tnus b^ame 
le buttock-line of the bow of an easy and dry ship aboye the water, just as it had already become 
the easy run of the waye of replacement in the stem of the ship. 

The chief buttock-line, therefore, is described in tiie following manner: — The after-part is 
formed from a semicircle, tiie bottom of which is at the intersection of the midship section with 
the yertical plane, and of which the uppermost point is as high out of the water as we choose to 
carry the bulwark. From this we desonbe a cycloid, as shown in Figs. 825, 828, 831, and we cut 
off as much of this cycloid as we choose, to adapt the portion of the stem beyond the perpendicular, 
a point which is a matter of room and comfort merely. For the bow we haye the choice whether it 
shall much oyerhang the water, or rise up pretty square, or tumble home. For a yessel low in the 
water I sometimes adopt the first ; for a yessel hign out of the water, neyer. I belieye that, on 
the whole, a tumble-home form of bow is the dryest and easiest at sea ; and there is also the yertical 
cycloid between the two. Each proportion and kind of yessel has its corresponding cycloid. In 
the case we are now considering, the yessel with a small under- water body has a flare-out bow. 
The fuller under-water body has a yertical buttock-line, and the fullest has a tmnble-home bow. 
The first. Fig. 825, of these giyes what is called the clipper~bow. The second and third. Figs. 828, 
831, giye what I may claim, says Russell, to call my bow. This bow has the quality of giying 
roundness, fulness, and capacity, in combination with the fine, hollow, unresisting entrenoe of the 
waye water-line. 

On the Main-deck Line. — ^I call the main, or chief deck-line of a ship, the outline of that deck 
which is meant to be kept in all ciroumstances well out of the water, and in ordinary ciroumstances 
not to be swept by the wayes. It is this which constitutes the chief gun-deck of a war-yessel, on 
which it is necessary, in all ordinary weather, that the ports diould be open without the sea 
entering. There haye been war-yessels in which this deck was generaUy under water ; bat they, 
after long experience, were named coffins ; to I shall keep my definition. 



s 



A1DA31D7l,M2 




b89083907642a 



